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ADVERTISEMENT 



TO THE riRST EDITION. 



I 



It is obvious that most writers on Civil Architecture have not entered into those Mathematical 
Principles, on which this noble art ultimately rests, and from which it derives its very existence. 
They may rather be said to consider it merely as an art, than as a science also ; and are more cal- 
culated to instruct the student in drawing Architectural Plans, than to point out and elucukte^ 
those unalterable rules, and first principles, which, however unperceived, (as Mr Nicholsonjpuy 
observes,) must enter into the very essence of every plan that is correct and practicable* f^ 

The Student, in the outset, should commence his inquiry, by going back to ^|jf|1most simple 
elements of Mathematical knowledge, there to obtain the real clue to his future JStudfies, and from 
thence gradually and scientifically to proceed to more complex problems, aiglhpi^e diversified plans* 
On this principle is founded the superior skill of the Grecian and Rpigpian Artists, which has as yet 
been unrivalled. / 

We should not content ourselves by merely dmwbif ftom their works, and then superadding the 
invention of our own imagination ; but we should continually recur to the ground on which they trod, 
and make that the criterion of all our attempts. It is principally to assist the practical Mechanic, 
as well as the student, that this work has been projected ; and, as will appear, much pains have 
been taken to lay down the fundamental principles of architecture in a clear, distinct, and intelligi- 
ble manner, and to apply the whole to practice, by plain and obvious examples and illustrations. I 
have endeavored to arrange the contents so as to be useful to the student, as well as to all classes of 
operative Builders. 

Those workmen, therefore, who aspire to any degree of superiority and taste in either of these 
branches, will be able, from hence, by improving their leisure hours, in a short time to understand 
the principles of their respective occupations; and to execute with taste and pleasure what they 
do now but mechanically. 

In this work is given whatever the experience of the most judicious professors has sanctioned, 
as the best mode of affecting their professional purposes ; with the reasons on which that preference 
is founded. To this are added examples both of Grecian and Roman antiquities, and remarks on 
the beauties of each. Particular attention is paid to the theory of Shadows, both from direct and 
reflected light, and examples adduced of the relative degrees of light and shade, on different sur- 
faces, variously inclined to the luminary and the eye. Also, a select set of problems are drawn from 
Nicholson's writings, entirely new, and all intimately connected with the subject in hand. They 
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are disposed in methodical order, and are preceded by the necessary definitions. It is not intended 
by this part, wholly to set aside the study of Euclid, and authors who have written on Conic Sec- 
tions. An attentive perusal of their works will always amply repay the student's trouble. 

When the vast importance and utility of Geometry are considered, the student will never regret 
r any pains he may take to make himself thoroughly master of every part of it. Particular attention 
has been paid to Ellipses, and Curves ; the problems relating to which, will be found par- 
ticularly useful in describing elliptical and Gothic arches ; finding their joints, and describing mould- 
ings of every degree of curvature under various circumstances, with Conic Sections — also, the 
Sections of Solids, a thorough acquaintance with them being absolutely necessary for understanding 
the theory and disposition of shadows, the explanation of which will be highly gatifying to every 
scientific reader. 

In view of the present taste for architectural knowledge, and the inadequacy of means to obtain 
that science, arising from the costly and voluminous works on the subject, I have been chiefly in- 
duced to compile a work of this kind. Being fully convinced of its utility, from very arduous research 
into its constituent principles, from my early apprenticeship to the present time — having had more 
than twenty years practice in the art of Building, I have brought together the following system in a 
concise, but intelligible manner; which consists principally of extracts from Vitruvius, Stuart, 
Chambers, Nicholson, and other authors of eminence. If I have made a judicious arrangement of 
the several subjects, I have accomplished all I anticipated ; and under these considerations, therefore, 

y^ I submit this work to the public, for their approbation and patronage. . 

^-^-^ EDWARD SHAW. 








A D ^l%Jk^l S E M E N T 

TO THE THIRD EDITION. 



The rapid and extensive sales of the two former editions of this work have encouraged the author 
to prepare a third. He has carefully revised this edition, and added three new plates, viz : Plate 
64 on Imposts, and Plates 71 and 72 on Cornices. He feels confident it comprises as great a 
variety of useful matter as can be produced for the price at which it is afforded ; and he has not, 
as will be seen by a careful perusal, filled this work with useless pictures, and essays of unmeaning 
matter, more for show than utility : he therefore submits it to an enlightened public, after tendering 
his sincere thanks for their very liberal patronage of the two former editions, hoping to receive a 
share that may be due in this. 

BOSTON, DEC. 1833, E. S. 
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The term Architecture is originally derived from the 
Greek language, in which it signifies the principal hand- 
craft, or mechanical operation; an expression very appli- 
cable to the construction of habitations for civilized men, 
without which, few of the other practical arts could be de- 
sirable, or indeed of any value whatever. In the genial 
climates of the interior of Asia, where human beings first 
appeared, defence from the inclemency of the weather was 
not an object of research. Shelter from the intense rays 
of the sun, and from the torrents of rain peculiar to 
those climates; protection from the wild beasts of the 
field ; the necessity of privacy, and complete separation 
from their fellow-creatiiMa; these and other motives, which 
might easily be specified, wouW, nevertheless, render ar- 
chitecture, howewar rude and simple, one of the jearliest arts 
of life. To attempt to trace architecture back to iu origin 
would, therefore, be an idle enterprise. From the Hebrew 
Scriptures we learn, that it was arrived at considerable per- 
fection, even under the second generation of mankind ; for 
there we learn, that Cain^ after the murder of his brother, 
withdrew from the habitation of his parents, and built a 
city in a remote quarter of the world. 

The progress of architecture, from rudeness to refine- 
ment, is thus related by Vitruvius, whose celebrated trea- 
tise on architecture appeared in Italy in the reign of Au- 
gustus Caesar, about the beginning of the Christian era. 
His notions were formed on tradition and conjecture ; for 
the writings of Moses, which contain the most ancient ac- 
count of the origin of the human race, and of human society, 
were either unknown, or generally disregarded in his time 
in Europe. 

* In the first times,' says Vitruvius, ' men lived in woods 
and caves; but at last, borrowing hints from the birds, 
which built their nests with equal ingenuity and industry, 
they began to form huts for themselves. These huts were, 
probably, at first conical, because that figure is of the most 

2 



ll obvious construction^ composed of trees or branches fixed 
in a circle on the ground, and joined together in a point at 
the top ; the whole covered with reeds, leaves, and clay. 
Findings however, in the course of time, this conical figure 
inconvenient on account of the slope of its sides, the form 
of the hut was changed to that of a cube, or of a parallele- 
piped. Marking out the space to be occupied by the In- 
tended structure, they fixed in the ground upright^runks 
of trees to form the sides, filling the intervab with branches 
closely interwoven, and covering the whole with clay. 
The sides being thus complejied, ,^r long beams were 
placed on the upright poats, which, being well joined at 
the angles, kept the aides firm, and likewise served to sup- 
port the covering, or roof of the building, composed of 
other beams, on which were laid beds of reeds, leaves, and 
clay. When the art of constructing habitations was so far 
advanced, men bethought themselves of methods of render- 
ing their dwellings not only commodious for present use, 
but elegant and durable. They stripped the bark and oth- 
er inequalities from the trunks and branches employed in 
the walls, raised them above the damp ground, by placing 
them on fiat stones, and covered each post with a flat stone, 
to throw off the rain. The spaces between the ends of the 
joists were closed with clay, and the ends of the joista 
themselves were covered with thin boards, cut in the form 
of what are.called triglyphs. The position of the roofs was 
also altered : being flat, they were ill calculated for throw- 
ing off the rain ; they were therefore raised up in the 
middle, so as, with the horizontal beams connecting the 
uprights of the walls, to form a triangular pediment or 
gable. From these simple elements, architecture took its 
beginning; for when wood was found inconvenient for 
constructing durable dwellings, and men set themselves to 
erect more solid and extensive buildings, of clay dried in 
the sun, or stone, they still imitated the fd||^s of those parts 
which necessity bad originally introduced^ The upright 
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posts, with the flat stones under and above them, were con- 
verted into columns with their bases and capitals; the 
beams, rafters, and layers of materials composing the roof, 
were gradually improved into architraves, friezes, triglyphs, 
cornices, and the other ornamental parts of modern architec- 
ture.' — So far Vitruvius. 

It may be further remarked that in many countries, 
among the rudest tribes of men, excavations and fissures 
of rocks, hollows of trees, and caves of the earth, have 
served as habitations. Travellers inform us ofa tree grow- 
ing in Africa, the hollow of which affords a habitation for 
thirty negro families ; which is said to be the largest tree 
in the world. They also inform us of a subterraneous city 
or cave, occupied by moors, in which there are several 
hundred inhabitants. Armstrong, in his * Journal of trav- 
els, in the seat of war between Russia and Turkey,' has 
the following observations : * The Georgian, or Tartar dwell- 
ings are seldom to be found above ground : the tops are 
covered with beams of wood, branches of trees, and above 
all, with a coat of earth, which make them level with the 
\ground. The natives are frequently disturbed, when sit- 
ting |jound the fire, by the leg of some unfortunate cow 
or earner making its appearance down the chimney ; and 
it is not unconuaon for the lambs to fall through, and spoil 
whatever may happen to be cooking.' But among a civ- 
ilized people, the desire of seeking for more agreeable 
habitations must be soon felt. The nature of the climate 
and the materials which it more leadily afforded, regula- 
ted, in a great degiee, the construction of the first build- 
ings in which men sheltered themselves. According to 
Diodorus Siculus, the first buildings of Palestine were of 
reeds and canes interwoven, and so compact as not to ad- 
mit of the rain and wind. Wood appears to be a material 
so proper for building and so easily wrought, that men 
would, in all ages, employ it for these purposes, in places 
where it could be easily procured. The branches of trees, 
stuck in the ground and rudely interwoven, formed a ma- 
terial for constructing them. It is probable that this 
method of setting trees on end and binding them together 
at the top and bottom, first gave rise to the idea of base 
and capital of columns. When these branches were daub- 
ed with clay and covered over with leaves and turf, they 
presented |t model of those cabins, in which, according to 
Vitruvius, the earliest tribes of men were accustomed to 
dwell. At first, before men became acquainted with edge- 
tools of iron, trees were felled by means of fire, or by axes 
made of sharp stones. They undermined the trees by little 
at a time, by continuing a fire at their roots ; and by the 
same means they could divide a tree into the requisite 
length. By degrees, however, tools for cutting and smooth- 
ing wood, were invented : the tools for smoothing were at 



first nothing more than sharp stones, sufficiently hard and 
free from brittleness. Some of our North American In- 
dians make use of the same kind of tools at the present 
time. ' The use of bricks or masses of clay formed in 
moulds and dried in the sun, or baked in stoves, as the 
materials of buildings, is of very great antiquity, and is a 
sufficiently obvious invention/ According to Moses, the 
tower of Babel was built of bricks : Go to, let us make 
BRICKS, and bum them thoroughly ; and they had brick for 
stone, and slime had they for mortar — Gen. ch. xi. v. 3. 
Pliny informs us that in the most remote ages of the Egyp- 
tians, they made use of bricks for building their houses, 
and tiles for covering them. To employ stones for the 
same purpose was very natural, where they were abundant, 
and found in masses sufficient to be removed by manual 
dexterity. 

Architecture is arranged in different orders, according 
to the nations by whom, or the country in which it was 
originally employed ; such as the Greek, the Roman, the 
Saxon, the Norman, the Saracenic or Arabian, the Gothic, 
&c. The Greek architecture is divided into the Doric, 
the Ionian, and the Corinthian, so named from the invent- 
ors, or from those parts of Greece, or of the Grecian colo- 
nies in Asia Minor, where each kind first appeared. Ro- 
man, or Italian architecture was divided into the Tuscan, 
and the Composite, the first being employed, as it is said, 
by the ancient inhabitants of Tuscany, and the last being a 
later improvement adopted by the Romans, compounded of 
the two Greek orders, thoJonic and the Corinthian. 

When architecture was in its glory in ancient Greece, 
the Ionic was the favorite order, as being the most graceful, 
light, and elegant. Of this order were the temple of the 
Delphic oracle, the temple of Apollo, at Miletus, and the 
temple of Diana, at Ephesus : 

^ The Ionic then, with decent matron grace, 
Her airy pillar heaved. ' 

Afler the Ionic, the Corinthian was introduced, which, in 
attempting greater perfection, has deviated from the true sim- 
plicity of nature. It marked an age of luxury and magnifi- 
cence, when pomp and splendor had become the predominant 
passion, but had not yet extinguished the taste for the sublime 
and beautiful. Attempts were made to unite all these char- 
acters, but a chastened judgment is not satisfied ; a corrupted 
taste is only pleased : 



-Luxnriant last, 



The rich Corinthian spreads her wanton wreath.* 

In the Composite order this deviation is more remarka- 
ble : this was invented by the Italians, and although rich 
and profuse in its ornaments, discovers an obvious want 
of correct taste and judgment, and shows that the Greeks 
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had exhausted all the principles of grandeur and beauty, 
in the original orders. And in these, they had arrived at 
the acme of perfection, because the Composite could not 
possibly have been introduced without combining all the 
rest ; consequently, simplicity is destroyed ; which is in 
conformity with nature, and the great concomitant of beauty. 
It is said this order was first used hy the Romans in their 
triumphal arches, to show their dominion over the people 
whom they conquered.* 

An order in architecture consists of two principal parts, 
the column and the entablature, or parts supported by the 
column. Of these two principal parts, each consists of three 
subdivisions ; those of the column are the base on which 
it rests,. the shaf>, or tall tapering portion, and the capital, 
or ornamental part crowning the shad; those of the entab- 
lature are first, the architrave, then the frieze, and above 
all, the cornice. Each of the smaller parts is again sub- 
divided and distributed in various ways, according to the 
orders to which they belong, as existing in antique mon- 
uments, but more frequently according to the taste and 



* An anonymouB writer on the history of architecture observes, 
that the Art is supposed to have arrived at its glory in the time of 
Augustus Cssar ; but was, as well as other polite arts, neglected 
under Tiberius. Nero, indeed, notwithstanding his vices, retained 
an ancommon passion for Architecture; but luxury and dissoluteness 
had a greater share in it, than real magnificence. In the time of Tra- 
jan, Apollodotus excelled in the art; by which he obtained the favor 
of that prince, and erected that famous pillar called ' Trajan's,* which 
is remaining to this day. But after this time, Architectnre began to 
decline, though it. was for some time supported by the care and mo* 
nlficence of Alexander Severus ; yet it fell with the western empire, 
and sunk into corruption. All the most beautiful monuments of an- 
tiquity were destroyed by the ravages of the Visigoths, and from that 
time, Architecture became so coarse and artless, that these professed 
Architects were totally ignorant of just designing, wherein the 
whole beauty of Architecturb consists : hence a new manner 
of Architecture called Gothic, took its rise. Charlemagne indus- 
triously labored for the restoration of Architecture; and the 
French applied themselves to it with success, under the encour- 
agemant of Hugh Capet. His son Robert prosecuted the same 
design of modern Architecture, and by degrees, ran into as great an 
excess of delicacy, as the Goths had before done of massiveness. To 
those we may add the Arabesks and Moresk or Moorish Architec- 
ture, which were much of the same nature with the Gothic, except 
that as the former wore brought from the north, by the Goths and 
Vandals, the latter was brought from the south by the Moors and 
Saracens. The Architects of the thirteenth, fourteenth, fifteenth 
and sixteenth centuries, who had some knowledge of sculpture, 
seemed to make perfection consist wholly in the delicacy and mul- 
titude of ornaments, which they lavishly bestowed on their buildings, 
but frequently without conduct or taste. In the two last centuries, 
the Architects of Italy and France assiduously endeavored to retrieve 
the primitive simplicity and beauty of ancient Architecture ; nor did 
they fail of success, — insomuch that now most churches, palaces, &c. 
are built entirely afWr the antique. 



fancy of the authors who have written on the subject of ar- 
chitecture. 

The principal character of the various kinds of architec- 
ture depending on the column and its requisite accom- 
paniments, the whole is commonly and almost universally 
divided into five species or orders, viz. the Tuscan, the 
Doric, the Ionic, the Corinthian, and the Composite. This 
distribution and arrangement would seem to have been 
founded on the progressive proportion, strength and orna- 
ment of the orders ; they are, however, well calculated to 
mislead the student and the architect, in tracing the ori- 
gin and gradual advancement of each order. Without at- 
tempting to search for the commencement of either of the 
above orders, it is sufficient for us to know, that the Greeks 
employed only the Doric, the Ionic, and the Corinthian ; 
and that the Tuscan and Composite, were only used in 
Italy ; the one more rude and the other more ornamented 
than the Greek orders, which occupied a middle rank. To 
attain, therefore] a proper knowledge of the principles of 
architecture, the student ought to confine himself to tha 
three Greek orders, not only because in them these pcjji^ 
ciples are the most displayed, but because of all th^ monu- 
ments of antiquity which have subsisted to nrodern times, 
few, perhaps none, can be pointed out ia'' which the Ro- 
man or Italic mode of construction i| certainly to be traced. 

In architecture, various terns are employed in a peculiar 
sense, of which the followyig are the chief; — Column is a 
Latin word signifying, in general, a pillar or supporter of 
some superincumbent load ; but is now confined to a round 
pillar, smaller above than below, and thereby closely im- 
itating the trunk of a tree, from which it was originally 
drawn. When the pillar is not round and tapering, but 
square and of equal dimensions above and below, it is 
called a pilaster. The column consists of three principal 
divisions: 1st, the base, from the Latin term basis, the 
foundation on which any thing rests : 2d, the shaft, or cir- 
cular tapering portion ; and 3d, the capital, from the Latin 
term for the head, or the principal member. 

The base is subdivided into different small parts, accord- 
ing to the order to which the column belongs; but all the 
lowermost part is the plinth, from the Greek term for a 
brick, because the ancient bricks were in general about 
square, and comparatively thin, resembling our paving bricks 
or tiles. Above the plinth lay the torus, a round mould- 
ing resembling a rope, so called in Greek, and imitating the 
band tied round the bottom of the original tree, as the 
plinth did the flat brick or stone on which it stood, to keep 
it from the ground. Between these two members was 
sometimes introduced a hollow channel, called scotia, from 
the Greek word for darkness, because little light could 
enter it. 
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The colamn was generally quite plain and smooth in its 
whole length ; bat in baildings where ornament is partica- 
larly admitted, the shaft was cut into a succession of small 
perpendicular channels, resembling the inside of a pipe or 
flute cut lengthwise into two parts ; hence the shaft is ceil- 
ed Jluted, In some instances one third part of the fiutings 
from the bottom, was, as it were, filled up with the half of a 
round rod lying in the hollow. It is singular, that although 
the fiutings may have been originally intended as ah imi- 
tation of the natural hollows of the bark of a tree, and might 
therefore be expected in the earliest productions of archi- 
tecture, it is only in the more improved works that fluted 
columns are to be found. 

The capital is variously subdivided and ornamented in 
the different orders ; simple in the Doric, more ornamented 
in the Ionic, and highly enriched in the Corinthian. In 
all, however, a narrow moulding runs through the shaft, 
near the upper end called the astragal, because it seemed 
to occupy the position of the upper bone of the neck. Be- 
cause the word astragal also means, in the Greek, the heel, 
^Ihu in some treatises on architecture most ridiculously call- 
ed oy thai name. The uppermost member of the capital 
is the abacus, po called, as being broad and thin, like the 
board or tablet mofifoyed by the ancients in arithmetical cal- 
culations. * 

The volute is an ornament introduced in the Ionic order, 
being, as its Latin word implies^ a spiral scroll, imitating the 
ends of some flexible substance loosely rolled up. 

The capital of the Corinthian order is encirded by rows 
of leaves of different sorts. The parts which rest upon, and 
are supported by the columns, are comprehended under the 
general name of the entablature, because, agreeable to the 
meaning of the term tabula, in Latin, they consist of boards, 
planks, or stone slabs of different forms and magnitudes. 
The entablature is a compound of three principal parts, first 
the architrave, next the frieze^ and uppermost the cornice. 
The architrave is so called by a name {Partly Greek and 
partly Latin, as being the principal beam which, resting on 
the capitals of the columns, supports the remaining parts 
of the entablature. In some cases it is plain, in others it 
is broken in two or three pieces, like so many separate 
beams lying on each other. 

The frieze consists of one piece, but commonly enriched 
with sculpture of different sorts. In the Doric order, this 
ornament consists of two whole channels, and two half 
channels, forming one, if joined together, and therefore 
called by a Greek name triglyphs, or three hollows. The 
square spaces between the successive triglyphs are called 
metopes, a term expressing the hollow open spaces between 
the beams, the ends of which are represented by the tri- 
glyphs. In these metopes are sometimes represented the 



head of some divinity, the skull of some animal used in 
sacrifice, or other emblem of the purpose to which was des- 
tined the building on which the ornaments were intro- 
duced. 

The cornice, from the French comiche, and the Latin 
corona, is so called because, being the uppermost part of 
the entablature, it crotens the whole architectural distribution 
of the columns ; and it is divided and ornamented in dif- 
ferent ways, according to the order employed. 

1. The first Grecian order in point of antiquity is the 
Doric, so named from the Dores, a small tribe in Greece, 
or, as some say, from Dorus, an Achaian chief, who first 
employed that order in erecting a temple to Juno at Argos. 
In all the most perfect specimens of this order now remain- 
ing, the column springs immediately from the foundation, 
having no base properly so called, but only a small swelling 
round the bottom, resembling what we see at the root of a 
tree, and sufficient to show that we see the whole of the 
shaft. The base, we learn from Vitruvius, first appeared 
in the Ionic column. The Doric column being short in 
proportion to its diameter, and consequently strong ; the 
entablature placed upon it, is, of course, more massive than 
that of the other orders, being in height one-fourth part of 
the total height of the column. 

2. The Ionic order derives its name from the tones, a 
Greek people on the east coast of the Archipelago, whose 
capital was Ephesus, celebrated on many accounts, but par- 
ticularly for the magnificent temple of Diana. This admir- 
able structure was in length 425 feet, and in breadth 220 
6et: it was surrounded on all sides by a double range of 
marble columns, 70 feet in height, and consequently 7 feet 
9 1-2 inches in diameter at the bottom. 

The Ionic column is taller than the Doric, containing 9 
diameters, or 18 modules ; and, although simple, is never- 
theless graceful and majestic. If the Doric were meant 
to represent the manly robust figure of Hercules, the Ionic 
might properly be the emblem of the dignified simplicity 
and elegance of Diana. In this order, as has been already 
observed, the base supporting the column was first intro- 
duced. An ornament peculiar to the Ionic column is the 
volute, or spiral scroll already mentioned, which is described 
by a succession of portions of circles, drawn from differ- 
ent central points. The height of the whole entablature is 
2-6ths of that of the column, being the medium between 
that of the Doric, which is 2-8ths, and that of the Corinthian 
which is 2-lOths. The height of the base is one module, or 
half the diameter of the shaft. 

3. The Corinthimn order took its rise in the flourishing 
days of Corinth, a celebrated city commanding the com- 
municaiion of the peninsula of Peloponnesus, with the con- 
tinent of Greece. The beautiful foliage of the capital of 
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this order is traced back to the following incident. A 
young lady of Corinth dying, her nurse carried her play- 
things in a^ basket, the day after her funeral, and placed it 
on the grave. The basket, coverea with a flat tile, was 
placed accidentally on the stem of the plant acanthus, 
which, sending out leaves, soon enclosed the basket, having 
their ends turned downwards when they peached the tile. 
This object struck the fancy of a celebrated sculptor of 
those days, Callimachus, who immediately introduced a 
figure of it on the top of an elegant column of his invention. 
Thus the capital of the Corinthian column always resem- 
bles a deep narrow basket covered with a tile, and com- 
pletely sorrounded by foliage. Such is the account given 
by Vitruvius ; but later writers on architecture have imagin- 
ed they coulddiscover this ornamented capital, in the de- 
scription given of the Temple erected by Solomon, in Jerusa- 
lem ; with this difference, that there, the foliage represented 
branches of the palm, and not the leaves of the acanthus. 
It is, however, to be observed, that the foliage of the Co- 
rinthian capital, is frequently an imitation of the leaves, 
not of the acanthus, but of the olive, and of other plants, 
according to the taste of the architect. The Corinthian 
column is in height 10 diameters, or 20 modules, of which 
t|ie base is 1 module, and the capital 2 1-3 modules, con- 
sequently the shafl measures 16 2-3 modules. The entabla- 
ture is 1-5 of the column. 

1. The fir«i Italic order is called the Tuscan, as having 
been employed by that ancient people, once very powerful 
in Italy. It is, however, remarkable, that no vestiges now 
exist of any building in which the Tuscan column was em- | 
ployed to support an entablature, or any other weight. Vi- 
truvius, it is true, gives instructions for erecting temples ac- 
cording to this order ; but it does not appear that such edi- 
fices were actually erected. The only examples of the use 
of the Tuscan column that have come down to our times, 
are the admirable monuments still subsisting in their orig- 
inal perfection, the column of Trajan aud Antonius, in Rome, 
and the column of Theodosius, in Constantinople. The 
column erected to the honor of Trajan, (next to Julius 
Csesar, perhaps the most valuable of the Roman emperors,) 
who flourished a century after Christ, is in all 118 feet high. 
The shafl of the columd is in length 14 1-8 modules or 7 
1-4 diameters, each J 1 feet 2 inches. 

The pedestal supporting the column is a cube of S mo- 
dules ; the base is 1 module, and the capital 2-3 module. — 
On the capital is another pedestal on which stood a colos- 
sal statue of Trajan : but this was removed, and one of St. 
Peter now occupies the same place. The other column, 
commonly said to have been erected to Antonius, is of the 
same kind, but a little smaller; it now supports the statue of 
St. Paul. The magnificent, but unhappily situated column, 
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or monument, erected* in London, to commemorate the 
dreadful conflagration, which in 1666, laid waste the greater 
part of that city, although copied from those in Rome, 
and of considerably larger dimensions, is not properly Tus- 
can, but a fluted Doric. 

2. The other Italic order is called the Composite, be- 
cause it seems to be a combination of the Ionic and the 
Corinthian orders, to which last it bears the greatest re- 
semblance, imitating the former only in the adoption of 
the complete volute in the capital, in addition to the Corinth- 
ian foliage. A specimen of the Composite order, richly or- 
namented, is to be seen in the triumphal arch, of which 
are represented in scripture, the golden candlestick of seven 
branches, and other precious articles, carried away from the 
last temple of Jerusalem. 

Besides columns, properly so called, which are always 
circular, another kind of pillar called pilasters, are frequent- 
ly employed, especially where a great weight is to be sup- 
ported. The plan of a pilaster is usually a square ; but 
those, the plan of which is a parallelogram, are also intro- 
duced. The chief ^use of pilasters is to support arch 
Thus the piers of a bridge are in fact short pilasterAxJ|ne 
arches separating the nave from the side-aisle j^^^i.^aurs 
church in London, and of St. Peter's inJfcme, are sup- 
ported on pilasters. In some buildingp,ntis true, wo find 
ranges of arches supported on 9glum|^ of even the delicate 
Corinthian order ; but as ^o^urans are of a tapering form, 
the upper diametet being less than the lower ; and as this 
diminution is increased in the eyes of the spectator, by the 
distance of the upper part, the columns have a slender, and 
even a feeble appearance, and consequently are ill adapted 
for supporting an arch. On the other hand, pilasters being 
of equal dimensions all over their height, and very short 
in proportion to their diameter, possess a solidity and 
strength capable of bearing arches of the greatest weight 
and magnitude. By pilasters we also mean an ornament 
applied to walls, internal and external, resembling in parts 
and form, a column, but flattened instead of round. Pilas- 
ters of this sort have their base, shaft and capital, and are 
plain or fluted, according to the architectural order to 
which they belong. It is a matter still unsettled whether 
such a pilaster ought to diminish in breadth, like a column, 
or to retain the suae breadth above and below, like a solid 
pier. Pilasters usually project one fourth part of their 
breadth from the wall to which they are applied. Both 
columns and pilasters are frequently raised from the ground, 
and on pedestals ; a construction not with^iut its propriety 
in certain cases, as in our churches, where the galleries 
rest upon pilasters and the fronts of the gallery coincides 
with the pedestal of the column which rises to the roof. 
Pedestals are by no means essential to columns or pilasters; 
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bat when employed, they mast be formed and ornamented, 
conformably to the order of the columns they support. 

Columns are placed at different distances, according to 
their destination, and the spaces between them are termed 
inUrcolumniations. This separation in the Greek orders, 
varies ftom one diameter and a half of the lower end of the 
column to four diameters ; but if the Tuscan column were 
employed, the architrave being supposed to consist of 
beams of timber, the intercolumniation may be much 
wider than if it consisted of blocks of stone. That interval, 
however, between columns, which has received the sanc- 
tion of the best monuments of antiquity, and of the most 
judicious architects, is equal to two diameters and a quar- 
ter of the column. Hence it is called Eustyle, from two 
Greek terms ; expressing the proper arrangement of col- 
umns. The latter term, stylos, a column, enters into the 
composition of several other architectural terms, as pycnos- 
tyle, to express columns placed close together ; prostyle, a 
number of columns placed as in a portico, before the en- 
\ trance, front of a building, of which we have examples in 
^|Pi0ndon, in the churches of St. Marti n-in-the-Fields, of 
S^H|K£e, Hanover square, of St. George, Bloomsbury, in 
imitatioPltAfjicient edifices in Rome, &c. When ranges 
of columns ar^g|rried quite round the outside of a build- 
ing, they form a peilityle. 

Arches may perhaflu h^ considered less magnificent than 
ranges of columns ; but they are very solid, and liable to 
few accidents. The importance of arches, in affording a 
commodious passage over a river, needs no illustration. 
It has long been the practice to construct bridges of arches 
increasing in width, and consequently in height, from each 
end to the middle, so that the road formed the segment of 
a large circle. The arches have also been generally semi- 
circles. The practice was first laid aside in France, where 
many noble bridges are now to be seen, consisting, like the 
ancient Greek and Roman, of arches, all of the same span 
or width, and the same height ; so that the road is carried 
on a level all the way along the bridge. In order to keep 
the bridge low, the arches vary greatly from a semi-circle, 
being segments of circles of large diameter. Nay, in some 
instances in France, the arches are portions of ellipses, and 
not circular, by which measure the crown of the arch is 
kept very low. On this most improved plan, a bridge is con- 
structed in London, over the Thames, between Blackfriars' 
and Westminster bridges, which, for excellence of materi- 
als and structure, for magnificent simplicity and extent, is, 
perhaps without a parallel in Europe. It consists indeed 
of only 9 equal elliptic arches ; but each is of 120 feef 
span ; the extent of each pier between the arches is 20 
feet, and the length of the bridge 1280 feet, very nearly a 
quarter of a mile, on the same level line from one end to 



the other. To enable the reader to form some judgment 
of the properties of this work, (called the Strand bridge, 
because it leads into that street, on the west side of Somerset 
place,) the following account of some other remarkable 
bridges is given. Of the adjoining communications over 
the Thames, London bridge, consists of 19 arches and is 
in length 915 feet ; Blackfriar's bridge consists of 9 arches, 
and is 995 feet long ; and Westminster bridge, consist- 
ing of 15 arches, is in length 1223 feet. The celebrated 
bridge over the Loire at Tours in France, is horizontal, 
consisting of 15 elliptic arches, and in length 1335 feet 
The bridge over the Moldaw at Prague, the capital of Bo- 
hemia, is in length 1700 feet. But these are all far sur- 
passed in length by the antique bridge over the rapid 
Rhone, at St. Esprit, in the south part of France ; which, 
constructed on a multitude of small arches, extends to the 
length of 3000 feet ; possessing this singularity, that instead 
of being straight, it consists of two lines of direction, ineet^ 
ing in the river at a very obtuse angle, pointed up against 
the stream, as if the better to resist its violence. 

In various edifices, ancient and modern, we find columns 
and arches placed in ranges one above another. In such 
works, care must be taken that the more massive are made 
to support the more slender ; placing first the Doric order, 
next the Ionic, and above all the Corinthian or Composite. 
In this arrangement, the upper diameter of the superior col- 
umn is usually made equal to the lower diameter of the in- 
ferior column ; giving the succession of columns the air of 
one tall tapering tree, cut into so many separate portions. 

The most remarkable edifices of antiquity, which have 
subsisted with tolerable entireness to our days, are temples 
of various sorts. The structure of these temples is extremely 
simple, the building being a parallelogram, seldom of great 
dimensions. Some have a portico of columns at the en- 
trance, and the external walls plain or adorned with pilas- 
ters. Older temples, however, are surrounded on all parts 
by a single, and even by a double range of columns, sup- 
porting the architrave, frieze and cornice, together with the 
roof; so that the temple itself is in a manner concealed 
from the view, and receives no light but from the en- 
trance. Such a construction is evidently very ill adapted 
to the purposes of a Christian, and especially of a Protest- 
ant place of worship. It has nevertheless been imitated in 
many magnificient structures, with some alterations, and 
the addition of projections in each of the long aides, for the 
purpose of resembling the cross, the emblem of the Christian 
faith. According to the system of divine service which, for 
many centuries, has prevailed in the Roman Catholic wor- 
ship, the sacred offices may be conducted, without mutual 
interference, in sundry parts of the church at the same time. 
In the Protestant system, however, whether Lutheran, Cal- 



INTRODUCTION. 



11 



Tinistic, or AnglicaD, in which nothing is done as it were 
in secret, and in which every member of the congregation 
is to hear, and participate in every part of the service, 
sacred edifices must, to be useful, be limited in magnitude 
and form. To be satisfied of the truth of this observation, 
it will be quite sufficient to enter St. Paul's church, in Lon- 
don, at a time when service is performing. A comparatively 
small portion of that grand structure is set apart for the 
congregation, while the great body of the building presents 
the appearance of a vast useless void, neither applied, nor 
indeed applicable to any purpose of the Protestant worship. 
The same observation belongs to the most ancient Gothic 
Cathedrals ; but these were constructed with a very different 
view. 

The columns of the portico, and pilasters of the body of 
St. Peter's, at Rome, reach at once from the ground to the 
attic ; but in St. Paul's, of London, the whole of the edifice 
is divided into two ranges of columns and pilasters : an ar- 
rangement, which, by breaking the whole into a repetition 
of small parts and n^embers, counteracts the effect which 
would be produced by the great dimensions of the edifice, 
were it adorned with columns, occupying the whole height 
of the building. On the other hand, the intervals between 
.the grand columns of the portico of St. Peter's having been 
built up into two stories of arcades and balconies, to accom- 
modate the Pope in certain ceremonies, the effect of the 
portico is destroyed ; and instead of one open range of lofij 
pillars, the eye is offended to see them half sunk, as it were, 
into a wall, the use of wliieh is by no means at first sight 
apparent; From this material defect, the front of St. £iM|l's^ 
although broken into two ranges of pillars, is fortunately 
free. 

Columns grouped, or placed two and two together, have 
always a bad effect ; for they suggest to the observer the 
idea that single columns have been at first employed, and, 
being found too weak for their load, another set of columns 
had been placed beside them, to take off a part of the bur- 
then. Grouped or double columns are wholly a modern 
invention ; nothing of the kind being found in any antique 
work, and although they were employed by the first-rate 
architects, who constructed the celebrated colonnade of the 
palace of the Louvre in Paris, the front portico of St. Paul's, 
the entrance into Somerset Place in London, d&c, the 
grouping of columns is, nevertheless, a departure from the 
genuine rules of the art. 

Instead of different ranges of columns, it is usual to 
throw the ground-floor of an edifice into the form of a base- 
ment, on which rise the columns or pilasters to ornament 
the front. This basement ought never to be less in height 
than half the length of the order it supports. Basements 
are generally rusticated ; that is, the stones are cut and 



placed so as to resemble the rude blocks as they are sup- 
posed to rise from the quarry. In the application of this 
rustication, however, the judgment and taste of the architect 
will be displayed. In London we have examples of the 
judicious employment of rusticated walls, and of the very 
reverse. The huge ponderous masses, apparently in all 
their native rudeness, composing the exterior of Newgate 
prison, admirably indicate and characterize the nature of 
the edifice. The less rude, it is true, but still rusticated 
walls of Carlton-house, are, on the contrary, equally incon- 
gruous with the delicate, and richly ornamented portico, and 
with the purposes to which that structure is appropriated. 

When a building is divided into different floors or stories, 
it seems proper that each story should have its separate 
range of columns or pilasters, which then appear each to 
support the entablature, and the projecting timbers of the 
superincumbent floors. When, on the contrary, two and 
even three tiers of windows are all included in the height 
of one range of columns or pilasters, the want of use, and 
even of connection, in columns of such a length, must strike ""^i 
every observer. jj 

When a range of columns, surmounted with their prober 
entablature, supports the end of a roof, a triaqoql^ s{iace is 
formed, called the pediment : the two inG]^J|ea sides being 
finished agreeably to the cornice below them, the inclosed 
triangular space or tympanum is of^n£lled with historic or 
emblematic sculpture. Pedfinents on a small scale, trian- 
gular or as arches of ^rcles, ire frequently placed alternately 
over win<}ows in modem buildings ; and instances of the 
same intermixture are not wanting in vestiges of ancient 
structures. The most proper proportion of a pediment, 
whether triangular or circular, is to make its perpendicular 
height from one fifth to one fourth part of the base. 

The preceding observations belong to the Grecian and 
Roman systems of architecture ; but another system, con- 
ducted on very different ideas, and of which many speci- 
mens of admirable contrivance and execution, still adorn 
the principal states of Europe, namely the Gothic, remains 
to be noticed. The term is oflen improperly employed to 
express every mode of construction, not reducible to the 
ancient Grecian ; in this way, works erected by the Sax- 
ons and the Normans, in the northern and middle parts, 
and by the Saracens or Moors from Africa, in the southern 
parts of Europe, arc often confounded under the general 
name of Gothic, with tiiose to which that name properly 
belongs. This last species of building is supposed to have 
first appeared in England, after the conquest, in the reign 
of Henry the 2d, who died in 1189; introduced most 
probably from Normandy, and other parts of France, where 
splendid monuments of Gothic architecture are very com- 
mon. 
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On the origin of the Gothic mode of building, ingenious 
men have varied much in opinion ; and even on the origin 
of the name. The Goths were, in early times, the inhabit- 
ants of Sweden ; but in the decay of the Roman empire, 
they, with other northern tribes, invaded, and even over-run 
all the southern parts of Europe, even to the Straits of 
Gibraltar. Ignorant of every art but that of war, the sci- 
ence and skill introduced into those parts by the Romans, 
were overwhelmed, and architecture gradually assumed 
forms unknown to the Romans and the Greeks. Hence 
buildings, constructed on principles different from those of 
antiquity, came to be distinguished as Gothic ; not because 
the Goths alone were their founders, but because the Goths 
and their neighbors, the Vandals, having established a 
regular succession of Kings in Spain, their name became 
more famous than that of any other northern race. The 
Saxon, Norman, and Gothic styles of architecture, though 
nearly related in sundry particulars, have still each its pe- 
culiar character. 

The Saxon and Normap agree in this, that the form of 
building is in both the same ; the pillars ar^ round, 
or polygonal, and very short, massive, and strong; 
but the ^iMc^^ and heads of the doors and windows are 
semi-circular. %.Jf, in these particulars, any difference be 
found, it consists in |he superior massiveness and large di- 
mensions of the NoriiuuB architecture. The Saxon church- 
es, of which sundry examples, or parts at least, have remained 
to our times, were often well constructed, and even elegant, 
but generally of moderate size. Those erected by the 
Normans, on the other hand, were usually large and mag- 
nificent, carried up to a great height, with two, and even 
three ranges of pillars, one above the other, of various di- 
mensions, but connected by circular arches. In the centre, 
was a lofty tower, with two others at the west end, where 
was the principal entrance. In the course of time, how- 
ever, the Normans introduced pillars of a much more 
agreeable fotm, tall and slender. In England, the Saxon 
and Norman styles are generally found mixed in the same 
building ; the latter, introduced in the twelfth century, being 
ingrafted on the former, which had been in use for centuries 
preceding. 

The principal marks by which the true Gothic architec- 
ture is distinguished, are its projecting buttresses around the 
exterior of the building, its pinnacles and spires, its large 
branching windows, its niches, its canopies, and sculptured 
angels, saints, and kings, the fretted roof, the clustering pil- 
lar ; but above all, the arch always more or less acutely point- 
ed. As plainness and solidity constitute the leading features 
of the Saxon and Norman buildings, so the Gothic architec- 
ture is distinguished by the lightness of the work, the lofty 
boldness of its elevation^the peculiar slenderness of its pillars, 



the profuse and delicate richness of its ornaments, and, we 
must add, the astonishing excellence of the masonry. 

In inquiries into the origin of the proper Gothic style of 
building, we meet with no less genius and fancy than in 
similar inquiries concerning the Greek orders, and much 
greater variety of sentiment. Some writers imagine the 
Gothic style was brought into England by the crusaders, on 
their return from the Holy Land, and other parts of the 
east; and think that this style should be called Saracenic. 
Others woufd call it Moresque, as having been introduced 
into Spain by the Moors. On the other hand, the pointed 
arch, which characterizes the Gothic, is by some traced to 
the intersection of two semi-circles, such as is frequently 
seen in Saxon buildings ; the one arch being described 
from the end of the diameter, and passing through the cen- 
tre of the other. Such an intersection would form an angle 
of 60", and lines from it to the other extremities of the 
arches, would, of course, form an equilateral triangle ; a 
form certainly not unfrequent in Gothic buildings. The 
scheme, however, which has gained the most general as- 
sent, is, that the Gothic is derived from the ancient prac- 
tice of religious ceremonies being performed in groves of 
lofly trees. The eye being accustomed to contemplate 
the arches formed by the branches of trees that shadeti- 
their altars, and sheltered their assemblies, it was natural, 
when covered buildings succeeded to the groves as places 
of worship, that men should endeavor to introduce some 
similitude between them and those places in which they had 
been accustomed so long to perform their religious ceremo- 
nies. Accordingly we find, not only the intersecting arch- 
es, formed by the branches, exactly imitated by the pointed 
arch, but also the stems of the trees as accurately rep- 
resented by the slender and clustering pillars of a Gothic 
cathedral. Indeed, no attentive observer ever viewed a 
regular avenue of well grown trees, intermixing their 
branches over head, but it presently put him in mind of the 
long vista through a Gothic church ; or ever entered one 
of the larger and more elegant edifices of this kind, but it 
presented to his imagination an avenue of lofty trees, inter- 
mingling their branches over his head.. Under this id ea 
of so extraordinary a species of architecture, all the irreg- 
ular transgressions of art, all the monstrous offences against 
nature, as some men speak, disappear; everything has its 
reason, everything is in order, and a harmonious whole aris- 
es from the studious application of means proper and pro- 
portioned to the end. For, could the arches be otherwise 
than pointed, where the workmen were to imitate the curve 
made by two opposite trees, by their mutual insertion into 
one another? Could the columns be otherwise than split 
into distinct shafls, when they to were represent the stems of 
a clump of trees growing close together ? On the same priu- 
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ciples they formed the spreading ramifications of the stone- 
work in the windows, and the stained glass in the open inter- 
stices ; the one to represent the branches, and the other, the 
leaves of an opening grove : both concurring to preserve that 
gloomy light, which, in the greater number of men, inspires 
religious awe and veneration. Hence we see the reason 
of their studied aversion to apparent solidity in these stu- 
pendous masses of building, deemed so absurd by men ac- 
customed to the apparent, as well as real strength of Gre- 
cian architecture ; for the surprising lightness of the Gothic 
building, united with real strength, was necessary to com- 
plete the execution of their original idea of a sylvan temple. 

The origin of Gothic architecture here pointed out, has 
been very happily illustrated and exemplified by Sir James 
Hall, in a dissertation published in the Transactions of the 
Royal Society of Edinburgh, and in a subsequent separate 
publication on the same curious subject, well worthy of at- 
tention. 

In the architecture of the Greeks and Romans, the col- 
umns were admired for the elegance of their proportions ; 
but in the Gothic, the column is seldom, if ever diminished 
in diameter ; nor do we find any fixed proportion between 
the diameter and the height of the column ,* nor is the in- 
tercolumniation, or space between any two pillars, regu- 
lated by the diameter of their height. Examples of the 
widest difference in the intercolumniations are common ; 
for instance, in the nave of the cathedral of York, and in 
the aisles of the conventual church of Newark-upon-Trent ; 
both edifices deservedly admired, but widely differing in 
the proportions of their columns, and the intervals between 
them. 

The Gothic column not being diminished above, and 
having no entablature, is the better suited, in point of sta- 
bility, to support the arch springing immediately from it, as 
only a continuation of one half of the column. An arch 
springing from a Greek or Roman column, has always, as 
was before observed, an unfavorable effect. The striking 
impression iof a Gothic structure is produced by taking in the 
whole in all its relations ; but in the Greek architecture, our 
pleasure often arises from contemplating the elegance and 
fine proportions of its several parts. 

On viewing a Gothic building, we soon perceive how ad- 
mirably the parts are constructed for the eye to embrace 
the whole. The column is generally an assemblage of ver- 
tical mouldings, or a bundle of rods, inclosing a tall slender 
post or trunk of a tree, acting as a conductor to the eye. 
The capitals present little or no interruption to the sight, 
which glides up along the pointed arch, and embraces the 
whole upper portion of the edifice. One of the vertical rods, 
forming the column, pierces through the capital, and ascends 
to the roofy and from it spring the ribs of the vaulting. 



The exterior of a Gothic edifice has an effect similar to 
that of the interior ; the vertical rods of the columns run up 
to the top of the pediment and the terminating pinnacle, and 
the pyramidal buttresses on the outside, produce similar 
effects on the eye of the beholder. 

GENERAL OBSERVATIONS ON THE CONSTKtJCTlOIJ OF 

HOUSES. 

In building, the situation is the first point to be determin- 
ed. For dwellings, the position ought to be sufficiently 
elevated to be free from damps and noxious vapors ; but 
at the same time not exposed to the wintry blasts. The 
neighborhood of fens, marshes, and stagnating waters, 
should always be avoided; but water for domestic uses 
should always be easily and plentifully attainable. When 
a full southern aspect cannot be procured, the next best is 
a western, for the heat is always greater, at equal distances 
from noon, in the aflernoon, than in the morning. With 
respect to the ground to be built upon, it should be carefully 
examined by boring or sinking pits. Stone or gravel afford 
the best foundations, but if these be not of considerable 
thickness, dependence ought not in all cases to be placed 
upon such soils. If, however, it becomes necessary to found 
upon sandy, or upon marshy, boggy ground, the foundation 
mutt be secured by piling, planking, laying large ledges, or 
other contrivances of the same nature. 

The situation being determined upon, the architect or 
builder prepares plans of the intended edifice, general and 
particular, with elevations of the fronts and ends, not drawn 
as they would appear to the eye of a spectator, agreeably to 
the rules of perspective, but according to their several di- 
mensions as measured on a given scale. To the plans of 
each separate story must be added sections in length and 
breadth of the whole building, to show the elevation of the 
internal parts. As, however, no building can ever appear 
to the eye in the precise form of a geometrical elevation 
upon paper, and as it requires considerable skill and prac- 
tice to be able, from such an elevation, to form a judgment 
of the appearance of the edifice when actually erected, it is 
most satisfactory, and indeed, but just to the proprietor, to 
furnish him with views of the intended structure frovi dif- 
ferent points of sight, accompanied by its attendant out- 
buildings, shrubbery, d&c. such as they may be expected to 
be when brought to perfection. From the want of such 
general perspective representations, many a proprietor has 
beheld with disgust or mortification the completion of a 
residence on which vast sums were expended, and the archi- 
tect has very unjustly been blamed ; nay, in some cases, 
ruined in his business, in consequenceof such vexations and 
disappointments, occasioned by his unscientific employer. 
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In cases of great public buildings, models of timber are often 
constructed, which, when done upon a properly adapted scale, 
convey a very perfect conception of the intended structures. 

The external form, and the internal distribution of 
houses, are necessarily susceptible of such variety, that it 
is impossible to lay down any particular rules on these 
heads. A country seat is, of late years, usually arranged 
with a centre building for the family, and two wiugs con- 
nected by covered passages with the centre, for various other 
purposes. The proportion that these wings should bear 
to the centre, has never yet been ascertained : yet every 
passing spectctor will exclaim against the architect, when 
the disproportion between the wings and the centre strikes 
him as extravagant. In some modern buildings of this 
nature, we find the length of its wings in front, each only 
oue-third part of that of the centre ; in others one-half; but 
nothing has a worse effect than disproportion between the 
body and the wings in point of height. The connecting 
passage, or colonnade, always looks best when it forms 
exactly a quarter of a circle. 

The great difficulty in architecture is to combine utility 
with ornament and magnificence. This can indeed be 
properly done in structures of a certain extent alone, but 
even space and expense have not always been sufficient to 
insure these essential ends. 

Excess of ornament is always misplaced in small build- 
ings, which have then more the air of models of other 
great works, than real places of abode. It was observed of 
Chiswick house, on the banks of the Thames above Lon- 
don, (built in imitation, but on a small scale, of a noted 
structure of Palladio near Vicenza, in the north of Italy,) 
that it was too large to hang to one's watch-chain, and too 
small for a man to live in. 

DOORS. 

The size and proportion of doors must be regulated 
by the purposes of the building to which they belong. The 
door of a dwelling house, corresponding to the human 
size, is confined to seven or eight feet in height, and three 
or four in breadth. In private houses, four feet may be 
the greatest breadth. In small doors, the breadth or width 
may be to the height as three to seven, but in large doors 
as one to two. Doors intended to have but one leaf or close, 
should never exceed three feet six inches in breadth, other- 
wise the door becomes too heavy for convenient use. Doors 
of a wider aperture, especially in the outer wall, are best 
formed with two folding leaves. 

As to the modern fashion of opening a wide communica- 
tion between rooms on the same floor, by means of broad 
folding doors, the practice sets all rules of proportion com- 
pletely at defiance. 



The external lintels of doors and windows should always 
be on the same level ; and the doors should never be nar* 
rower than the windows. When the outward wall is orna- 
mented with half columns, and arches forming blank arcades, 
the doors and windows should just rise up to the springing 
of the arches. 

The most common way of ornamenting the aperture of 
a door, is by an architrave on the top, and also down the 
sides. Sometimes a cornice and even a complete entablature 
may be placed above the lintel. Pilasters, and semi-columns 
have also a good effect, when applied to outer doors. Por- 
ticos of four or more columns are properly adapted to 
large buildings. 

WINDOWS. 

The number and size of the windows of a building, 
must be regulated by the nature and purposes of that build- 
ing. The climate, the aspect, the extent, the elevation, 
even the thickness of the walls must be taken into consid- 
eration. When the walls are thick, which is commonly the 
case in detached stone buildings, the windows may have 
a considerable opening inwardly, which will admit nearly 
as much light as if the whole aperture in the wall were 
enlarged. The proportions of windows depend on their 
situation ; only their width ought to be the same in every 
story ; those in each, however, being proportioned in height 
to that of the apartments in each story. In the principal 
floor, the height of the windows may be two and one-eighth, 
to two and one-third of the width. In the ground story, 
where the apartments are lower, the apertures of the windows 
seldom exceed a double square ; that is, the height is just 
double the breadth. When the basement is rusticated, the 
height is generally much less. In the second floor, the 
height of the windows may be from one and a half, to one 
and four-fif\hs, or rather three fourths of the width. The 
window in the attics, and mezzanines or entresols may be a 
perfect square, or even lower. 

The windows of the principal floor are the most enrich- 
ed. The simplest ornament of such windows is an archi- 
trave carried round the aperture, with a frieze and cor- 
nice on the top. The windows of the ground floor are some- 
times entirely plain ; at other times they are surrounded with 
rustics, or a regular architrave. Those of the second fioor 
are generally closed with an architrave, crowned at times, 
with a frieze and cornice : but these last ornaments would 
be improper in the attics. The breasts of all ihe win- 
dows on the same floor, ought to be on the same level, and 
raised from two feet six inches to three feet above the floor. 
In warm climates, or in country houses in our own climates, 
seated amid gardens and pleasure-grounds, the windows of 
the ground story being cut down to the floor, render the 



INTRODUCTION. 



15 



tp^tments pleasant and agreeable. In coantry hoases, in- 
deed, in France, Italy, and other warm parts of Europe, 
the principal apartments are all on the ground floor ; and 
the other floors diminish in height as they rise above 
it. The windows of the ground floor being cut down 
even with the doors, and thus afibrding a ready com- 
munication with the garden or lawn, have a peculiar pro- 
priety. How far the same practice in the windows of the 
first and other floors, in the streets of large cities, by which 
the damps and cold of winter must inevitably penetrate into 
the apartments, ought to be avoided, is a point to be decided 
by those who pr^er comfort and health to absurdities, how- 
ever fashionable. 

Not contented with adopting usages suited to the genial 
temperature of the south of Europe, a stranger, on passing 
along the new quarters of London, might be tempted to 
imagine himself transported to the burning climates of 
India, when he beholds the fronts of the houses, whatever 
be their exposure, adorned, or rather loaded and blocked up 
with vast projecting galleries, intended, but very unnatur- 
ally, to imitate the light, airy, and refreshing varandahs of 
the East. 

In so far as these galleries are on the outside of the win- 
dows and walls, they are certainly of use to intercept the 
immediate action of the sun's rays. On the same account, 
what we call Venetian blinds ought to be placed on the 
outside, and not on the inside of our windows. On the in- 
side, they keep off the glare of the sun's rays, but not the 
heat, which communicates to the air of the room, warming 
it just as much as if no blind intervened. On the outside, 
the blinds reflect and repel the heat as well as the light, 
and the air within the room preserves a desirable coolness 
of temperature. 

The intervals of walls between windows should never 
be less than the aperture of the windows, nor in dwelling 
houses greater than twice that aperture, otherwise the light 
will be deficient The^usual rule for proportioning the 
quantity of light to a room, is to multiply the length of the 
room by the breadth, and the product by the height; the 
square root of the last product gives the number of square 
feet of aperture requisite for properly lighting the room. 
Thus, suppose a room to be in length 32 feet six inches, in 
breadth 24 feet, and in height 15 feet, the product of these 
quantities multiplied successively into each other, will be 
1700, the square root of which in even numbers, 108, will 
be the number of square feet of aperture required to lighten 
the room. This quantity, distributed among three windows, 
gives 36 square feet for each window, the width of each 
being four feel, the height must be twice and one-fourth, or 
9 feet Had it been proper to open four windows in the 
same room, each mast have contained only 27 square feet ; 



and if the breadth of each were 3 feet 6 inches, the height 
would be 7 feet 8 1-2 inches. It is, however, to be observed, 
that both internal and external openings in houses, such as 
windows, doors, dsrC ought always to consist of the uneven 
numbers, 1, 3, 5, 7, 9, d&c. and never of the even numbers, 
3, 4, 6, 8, 10, d&c. 

This rule cannot always, it is true, be observed in the 
confined spaces allotted to houses in towns ; but in other 
situations, if the number of windows be even, the door can- 
not be opened in the centre of the building, and the want 
of an equal corresponding extent and balance on each side, 
must strike the most careless spectator. The same rule 
is to be observed in distributing the arches of a bridge 
or an arcade, the intercolumniations of a portico or colon- 
nade. 

The proportions of rooms, in length, breadth, and height, 
are more the objects of taste and experience, than of geo- 
metrical regulation. A circle or a square is a more per- 
fect figure than an oval or a parallelogram ; and a globe, 
a cylinder, or a cube, than a parallelopiped. A room, 
however, in the form of a cylinder or a cube, would in 
general be neither useful nor agreeable. The parallelopi- 
ped is therefore the form universally adopted for rooms or 
chambers of every sort: in which the greatest dimension 
is the length, the next is the breadth, and the smallest is 
the height Some architects have made the breadth one 
half more than the height, and the length one half more 
than the breadth. Thus, for example, if the height of the 
room be 16 feet, the breadth will be 24 feet, and length 36 
feet; and on the other hand, if the length be given, 22 feet 
6 inches, the breadth will be two-thirds of it, or 15 feet, 
and the height two-thirds of the breadth, or iO feet. Such 
a rule, however, must evidently be subject to many modi- 
fications. 

The rooms on the ground or the second floor, may be 
of the same length and breadth with those on the principal 
floor : — but if they were of the same height, the impropriety 
would immediately strike and offend the eye. No defect 
in proportion, however, is more offensive than that in the 
height, and none takes more off from the appearance of a 
room. A low apartment, whatever be its other dimensions, 
never can possess either dignity or beauty. 

It is the common remark of every one, who, for the first 
time enters the matchless fabric of St Peter's in Rome, 
that it by no means strikes the eye as so vast as it is known 
to be. This effect arises from the correct proportions of 
the whole edifice, in length, breadth and height, and of the 
various members of which it consists. Had it been nar- 
row, our attention would have been attracted to its great 
length; had the ceiling been low, we should have been 
offended by its disproportionate length and breadth. Such, 
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on the contrary, is the harmony of the several dimensions of 
the building, that no excess or defect in either of them 
leads us to institute a comparison between them. It is only 
by observing the time necessary merely to walk round, and 
give a cursory glance to the interior of St. Peter's, that the 
stranger can be convinced of its prodigious extent in all 
directions. Comparisons are seldom pleasing, and not 
always just : it would therefore be on many accounts, unfair 
to compare St. Paul's of London, with St. Peter's of Rome. 
It must, however, be acknowledged, that the first view of 
the former has an effect very different from that produced 
by the latter ; the chief cause of which, is, that the nave 
of St. Paul's is really gloomy, and apparently narrow and 
low for its length ; so that the spacious and lofty dome, in- 
stead of being only accessory, becomes the principal part 
of the edifice. 

The proportions and dimensions of rooms must be icgu- 
lated by their uses. A dining-room and a bed-chamber, 
require very different proportions. A gallery for exercise 
in bad weather, especially if to be adorned with paintings 
and statues, must be of a length in proportion to its height 
and breadth ; which last must be governed by the necessity 
of possessing light from windows on one side only, to ex- 
hibit with due advantage the paintings and sculpture ranged 
along the opposite side. A passage should be just wide 
enough to give a convenient communication between the 
several parts of the house, and if it be wider, we are 
offended with the waste of space, which the architect ought 
to have turned to some other use. 

There is no part of a building in which the taste of a 
builder can be better displayed than in the position and 
distribution of stairs. Even in the most spacious buildings, 
a step may be made too broad, so as to require a sort of 
effort to move up or down from one to another: In spa- 
cious stairs, the steps should vary from 12 to 18 inches in 
breadth, and from 4 to 7 inches in height ; the length also 
varies from 6 to 15 feet. Even in small houses, a step 
over 7 or 8 inches high would be inconvenient ; and the 
breadth should never be less than 9 inches nor the length 
shorter than three feet. 

We have thus given a pretty lengthy account of the theory 
of Architecture ; and would now invite the attention of the 
student to the subjoined remarks on the practical branch of 
the science. 

A competent knowledge of the methods of drawing on 
paper, and of working in stone, timber or other materials, 
the several kinds or orders of columns, &.c. is absolutely 
indispensable to enable the architect to discharge his duty 
to his employer, and the artisan to execute his commission,. 

It has been already mentioned, that an order of architec- 
ture consists of three principal parts, viz. the column, its 



pedestal, and its entablature. Each of these parts is again 
subdivided into 3 parts, thus : the pedestal into its base or 
lowest member, the cubical body, called from its figure, the 
die or trunk, and the cornice above all. The column into 
the base, the shafl and the capital. The entablature into 
the architrave, the frieze and the cornice. 

To give a minute, full and perfect explanation of the 
proportions and manner of constructing these several mem- 
bers, with the various ornaments appertaining to each, would 
require an extent and a number of engravings totally incom- 
patible with the design of the present work. Nor is this 
particular explanation deemed essential ; for the number of 
publications on this head, is already so numerous, that it is 
probable the student will find it more difficult to determine 
which to follow, than to find a guide. Our observations 
will, therefore, be general and limited. 

The simplest problem in mechanical architecture, seems 
to be to determine the best form for a column. The length 
and the weight, (that is, the quantity of materials in the 
column,) being given, it is of importance to investigate the 
form which affords the greatest possible strength ; but it is 
somewhat difficult to ascertain the precise nature and di- 
rection of all the forces to be resisted which act upon the 
column. If a column were considered only as a beam fixed 
in the ground and acted upon by a force pressing trans- 
versely, or on one side, it ought to be much tapered, and 
reduced almost to a point at the upper end. But it is sel- 
dom that any force of this kind can be so powerful as to do 
more than overcome the weight of the column. The only 
thing, therefore, to be considered, is the load which presses 
on it from above ; hence, whether we regard the force as 
tending to bend the column or to crush it, the forms common- 
ly employed appear sufiiciently eligible. Some mathemati- 
cians have erroneously recommended the cylinder as the 
strongest form to resist bending ; and in this opinion, those 
who have not considered the subject, are ready to join them ; 
because a cylinder standing perpendicularly on one end, 
being of equal thickness, seems also to be of equal strength 
throughout. From the principles of mechanical philosophy, 
however, it can be shown, that the strongest form of an up- 
right column approaches, in fact, much more nearly to that 
of an oblong spheroid or spindle of which the outside is an 
arch of an ellipsis. But the consideration of the flexure of a 
column is of the less practical importance in architecture, 
that, upon a rough estimate of the properties of the materials 
usually employed, a column of stone, (in order to be capable 
of being bent by any weight which will not crush it,) must 
be at least forty times as high as it is thick ; although a bar 
of wood or of iron may be bent by a superincumbent load, 
if its length exceed about twelve times its thickness. But 
as even in the Composite order, the tallest and most delicate 
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of all, the height of the column is only at the most, ten times 
the thickness at the base, the action of the incumbent weight, 
in bending the column, ceases to be an object of much con- 
sideration. It is only, then, as a crushing force that the 
weight requires to be estimated, and since the lower parts 
of the column itself have not only the weight above, but its 
own upper parts to support, the thickness below ought to 
be somewhat increased. It appears, by experience of the 
direction in which the fracture of a column- is made, when 
crushed by too great a weight, that the outline ought to be 
made a little convex, or to swell a little on the outside of a 
straight line, joining the extremities of the shaft, and more 
curved above than below ; this is the usual, but not the uni- 
versal practice. An elliptic arch is perhaps the most eligi- 
ble outline, or a curve formed by bending a ruler fixed at 
the summit of the column. It is very natural in forming a 
column, to copy the working of nature in forming the trunk 
of a tree, which may be considered in a general sense, as a 
portion of a tapering cone, enclosed by straight lines joining 
the top and the bottom. But independent of other conside- 
rations, it is to be remembered, that the great load of the 
boughs, branches, and leaves, act upon the trunk of the tree 
very differently from the load usually to be borne by a col- 
umn. A light-house placed upon a rock in the sea, may be 
considered as a column erected, not to support a weight, but 
to withstand the action of wind and water. If we calculated 
what would be the best form for a wooden pillar, intended 
to remain always immersed to a certain depth in water,. we 
should find that a cone or a pyramid would possess the 
greatest possible strength for resisting the motion of water ; 
and a cone still more acute than this would be equally 
capable of resisting the force of the wind, supposing it to 
be less powerful than that of the water. The part below 
the surface of the water might, therefore, be widened, so as 
to become a part of a more obtuse cone, the upper part 
remaining more slender. And the agitation of the sea 
being greatest at its surface, the basis of the pillar might be 
& little contracted, so as to have the outline of the lower part 
a little convex outwards, if the depth of water were con- 
siderable. But in the case of a building of stone, the strength 
often depends as much on the weight as on the cohesion of 
the materials ; and the lateral adhesion, which is materially 
influenced by the weight, constitutes a very important part 
of the strength. For resisting a force tending to overset the 
building, the form in which the weight gifes the greatest 
strength is that of a conoid ; that is, a solid of which the 
outline is a parabola, (a section of a cone parallel to its 
sides,) concave towards the axis, and convex outwardly. 
And for procuring, by means of the weight, a lateral adhe- 
sion everywhere proportional to the force, the form must be 

cylindrical. Hence in a building such as this pillar is sup- 
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posed to be, no reasons appear why either portion of its outp 
line, taken separately, should be made convex towards the 
axis, although the joining of the two cones might very 
properly be rounded off. Of the form adopted for a building 
exposed to the violence of both water and wind, we have a 
remarkable example in the light-house erected on the Eddy- 
stone rock, situated in the entrance of Plymouth haven, 
about 14 miles out from the land. The top of the rock on 
which the light-house is founded is, it is true, constantly 
above the surface of the water when the sea is calm ; but in 
stormy weather every part of the building is exposed to the 
action of the waves, the water being often thrown up to a 
height far above that of the light-house ; so that it may be 
considered as exposed to the force of a fluid acting more and 
more forcibly, as it is nearer to the foundation. On this 
account the architect, the late ingenious Mr. Smeaton, chose 
for the walls, a slope concave outwards, difiering in form but 
little from that which the most accurate theory could have 
pointed out. The building, however, is probably a little 
weaker nearly as high as the middle of its height, than in any 
other part. The light-house is wholly composed of cut stone, 
and about 16 feet in diameter at the bottom. The height 
of the building is 73 feet inches from the rock to the top 
of the cornice ; thence to the base of the lantern 7 feet 6 
inches, and thence to the summit of the ball on the top, 17 
feet 6 inches ; making the whole height 98 feet 6 inches. 
In diminishing their columns, various rules seem to have 
been practised by the ancient architects ; sometimes the 
diminution began at the base, the shaft being formed by 
straight lines tending to a junction at a point beyond the 
summit of the column, by which measure the shaft became a 
frustum or portion of a very acute cone. In other instances 
we find the column carried up perfectly cylindric, or of the 
same diameter, for one-fourth, or more commonly for one- 
third of its height ; at which points the diminution begins, 
and extends to the capital. This junction, however, of the 
cylinder and the cone, although the angle formed by their 
outlines be almost imperceptible to the eye, appearing an 
imperfection, it was proposed and practised by eminent 
architects, to form the outline oHhe shaft by a curve running 
within the cylinder, but without the cone, from the base to 
the capital, in such a way, that the diameter of the shaft was 
in every part, less than that at the base, but greater than 
that at the capital. The observations made on this point by 
Vitruvius, the great teacher of architectural mechanics, who 
flourished about the beginning of the Christian era, having 
in late times been misunderstood, it is no uncommon thing, 
in different parts of Europe, (to say nothing of our own 
country) to meet with columns, the outlines of which con- 
sist of a curve actually swelling outwards, so that at one- 
third of their height their diameter considerably exceeds 
that at the base ; a practice so offensive to the eye, as well 
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as to reason, as to create wonder how it should ever be 
adopted by men who had ever seen, or even read of the 
monaments remaining of ancient architecture. 

The different methods of giving to columns the proper 
diminution and most elegant sweeping outline, are particu- 
larly described in the body of this work. In this place we 
must content ourselves with giving the following plain in- 
structions, by which every practical artisan may form his 
model and plan, with accuracy sufficient for ordinary occa- 
sions. 

Take the lower and upper diameter of the shafl of a col- 
umn to be drawn. On the centre of the lower diameter 
describe a semicircle, and erect a perpendicular to represent 
the axis of a column. Through the extremity of the upper 
diameter, draw a line parallel to the axis of the column, 
cutting the semi-circle at the base ; now divide the arc of the 
semi-circle made by the intersection of the last mentioned 
line and the extremity of the base line, into any number of 
equal parts, the more the better, as into 4, by points marked 
] , 2, 3, &jC. In the same way, divide the axis into the same 
number of equal parts, through each of which draw indefinite 
right lines, at right angles, to the axis. Through the points 
of the arc at the base, draw lines parallel to the axis, produc- 
ing them respectively, until they meet the transverse lines 
drawn through on the axis, which will thus become points in 
the surface of the column. To assist in drawing these par- 
allel perpendiculars, it will be convenient, through the points 
in the arc at the base, to draw lines to the axis, parallel to 
the diameter, and setting off a distance equal to one of these 
lines upon the transverse line passing through the first line ; 
another equal to that of the second, the points of the axis will 
be obtained as before. The setting on the transverses 
through the first point, a distance equal to the extreme 
points; in this mariner the points on the opposite side of the 
axis may be obtained. If, now, nails or pegs be fixed in the 
several points in the surface of the column thus ascertained, 
and along them, and through the two extreme points of the 
upper and lower diameters, a thin slip of timrber, equally 
flexible in every part, be applied, it will show the contour or 
section of the exterior of the column. The curve thus form- 
ed being carefully transferred, will mark the edge of the rule, 
to be used in diminishing the shaft. In this process it is 
evident, that the more numerous the points of the surface as- 
certained, the more accurately will the slip of timber assume 
the proper form, and the diminishing scale be constructed. 

MOULDINGS. 

Although the shafl of a column may not admit of any' 
ornament on its body, yet, at each end, in the base and the 
capital, various ornamental parts are introduced^ in the due 



distribution and proportion of which consists their principal 
beauty. These are, in general, called mouldings, because 
they are always of the same shape, as if they all proceeded 
from the same mould or form. Mouldings are, by some 
writers, divided into Grecian and Roman, with a reference 
to the remains of the architecture of those nations still in 
existence. The difference consists in this, that the Romans 
generally employed circular arches in their ornaments, while 
the Greeks often introduced parts of an ellipsis, or of some 
other section of a cone varying from the circle. The princi- 
pal parts of mouldings are these, — 1st, the flat part under or 
above a moulding is a Jillet^ as resembling a bandage or 
turban tied round the column. 2d, When the moulding 
projects in the form of a quadrant, or a smaller portion of a 
circle, it becomes an echinus or Romano ovolo, from its 
likeness to a portion of the shell of a sea-hedge-hog, or of a 
common egg. 3d, But if the moulding, reversing that flgure, 
be a hollow of the same shape, it is therefore called a ca- 
vctto, 4th, A small projecting semicircular moulding is in 
general called a bead, as particularly belonging to the astra- 
gal or neck; but 5th, If the moulding be much larger, with 
a fillet above or below it, it then becomes a torus, as iraitat* 
inga rope or cable applied to the column. Gib, If the sec- 
tion be a concave semi-circle, or semi- ellipsis, it becomes a 
scotia, because the interior is dark. 7th, When the projec- 
tion is not pro||3r]y a part of a circle, but rather of an ellip- 
sis, or of some other section of a cone, returning in quickly 
at the upper part, it is called a Grecian ovolo ; and the quick 
return in it is by workmen called a quirk. Sth, A contour 
or section, partly concave and partly' convex, is a cymatium, 
because it imitates the waves of the sea. 9th, If the con- 
cave part be uppermost, it is a cyma recta ; but if the convex 
part be uppermost, it is a cyma reversa, or ogee, 

VOLUTES. 

A volute is a kind of spiral scroll, used in the Ionic and 
Composite capitals, of which it makes the principal charac- 
teristic and ornament. It has been called the ram's horn from 
its figure, which bears a near resemblance to it. Most archi- 
tects suppose that the ancients intended the volute to repre- 
sent the bark of a tree, laid under the abacus, and twisted thus 
at each extreme, where it is at liberty : others regard it as a 
sort of pillow or bolster, laid between the abacus and echi- 
nus, to prevent the latter from being broken by the weight of 
the former, and the entablature over it. Accordingly, they 
call it pulvinus. Others, after Vitruvius, contend that it is 
designed to represent the curls or tresses of a woman's hair. 

Tiie number of volutes in the Ionic order, is four : in the 
Composite, eight. There are also eight angular volutes in 
the Corinthian capital, accompanied with eight other smaller 
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ones, called helices. There are several diversities practised 
ill the volute. In some the list or edge, throughout all 
the circumvolutions, is in the same line or plane : — such 
are the antique Ionic volutes, and those of Vignola. In 
others, the spires, or circumvolutions, fall back ; in others, 
they project or stand out. Again, in some, the cir- 
cumvolutions are oval ; in others, the canal or one cir- 
cumvolution is detached from the list of another, by a 
vacuity or aperture. In others, the rind is parallel to the 
abacus, and springs out from behind the flowers of it. 
In others, it seems to spring out of the vase from behind the 
ovum, and rises to the abacus, as in most of the fine Com- 
posite capitals. The volute is a part of great importance to 
the beauty of the column. Hence architects have invented 
divers ways of delineating it. The principal are that of 
Vitruvius, which was long lost, and at last restored by Gold- 
man ; and that of Palladio. 

DRAWING A COLUMN. 

In drawing a column of any particular order, the several 
dimensions and members are measured by a proportional 
scale, founded on the diameter of the lower extremity of 
the shaft, immediately above the projection of the base, 
where the shaft becomes rectilineal. This diameter is di- 
vided into two equal parts, each being the radius of the 
transverse section of the column, and it is termed a mod- 
ule. The whole diameter is subdivided into sixty equal 
parts, or minutes, of which, consequenlJy, thirty are con- 
tained in a module. These proportional quantities are easi- 
ly converted into real, when the lower diameter of the col- 
umn is given in measure. Thus, if the lower diameter of 
a Doric column be 5 feet, or 60 inches, the module must be 
2 1*2 feet, or 30 inches, and each minute will be 1 inch ; 
and' the Doric column being in height S diameters,the height 
of the given column will be 40 feet: hence the entablature, 
being one fourth of the height of the column, its height in 
this case will be 10 feet, and so on. 

In the Tuscan order, the height of the column is 7 times 
the lower diameter, or 14 modules; the entablature one 
fourth of the column, and pedestal one fifth of the height 
of all the parts. Hence, let the whole height of a Tuscan 
column, with its pedestal and entablature, be fixed at 40 
feet, the pedestal, being one fifth of the whole, will be 8 
feet high. The remaining 32 feet, divided by 5, will give 
nearly 6 feet 5 inches for the entablature, and 25 feet 7 
inches for the column, of which the lower diameter being 
one-seventh, will be nearly 3 feet 8 inches. ' Had the order 
been Ionic, the whole height, 40 feet, divided as. before by 
5, (for in all the orders, the pedestal is always one fifth of 
the entire height,) would have given 8 feet for the pedestal, 



and the remaining 32 feet, divided by 6, would have given 
5 feet 4 inches for the entablature, leaving 25 feet 8 inches 
for the column, of which the ninth part, or 2 feet 11 1-2 
inches, is the lower diameter. But in general, when the 
whole height of the column, with its pedestal and entabla- 
ture, is given, the several portions are thus found in all the 
orders. For the Tuscan, divide the entire height by 5, 
the quotient is the pedestal, and the remaining height divi- 
ded by 5, will give the entablature. The remainder, divi- 
ded by 7, gives the lower diameter of the column. In the 
Doric, divide the whole height by 5, for the pedestal ; one- 
fifth of the remainder is the entablature ; the rest is the 
column, of which the eighth partis the diameter. Ionic — 
Deducting from the entire height, one fifth for the pedes tal, 
one-sixth of th^ remaining height is the entablature, and one- 
ninth of the remainder is the diameter of the column. 

CORINTHIAN. 

After cutting off the pedestal as before, the entablature 
is one-sixth of the remainder, as in the Ionic ; and one- 
tenth of the rest is the diameter of the column. For the 
Composite order, the same proportions are employed. In 
laying down any order on paper, draw a perdendicular 
right line, to represent the axis of the column. Near the 
bottom, draw another line (horizontally) at right angles, 
on which, from the perpendicular, set off, on each side, 
a distance equal to a module, on one half the diameter. 
On a separate line, equal to this diameter, form a scale 
of 60 equal parts, or minutes, by which to measure all 
the dimensions, reducing them to minutes from the num- 
ber of feet and inches in which they are usually given. 
The construction of such scale is, however, generally un- 
necessary, from the varilty to be found on Gunter's and 
tother scales of wood, brass, S^c, sold by the makers of 
mathematical instruments. On. the axis of the column 
produced below it, set off, progressively downwards from 
the bottom of the column, the heights of the several mem- 
bers composing the base and pedestal ; and through each 
of those points draw pencil lines at right angles to the axis. 
Again, from the same bottom Kne of the column, set up 
along the axis the several heights of the capital, architrave, 
frieze, and cornice, drawing, as before, lines at right angles 
through each point thus ascertained. Then from the axis 
set off on each horizontal line, the proper projection of all 
the several parts in order ; by which means the true ele- 
vation and projection of each will be obtained. The ex- 
tremities of these horizontal lines are then connected by tho 
fillet, the ovolo, cynia recta, d^c. according to the kind of 
ornamental profile belonging to each particular order ^ 
architecture. 
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The relative proportions of the various parts of the or- ' 
ders being accurately marked on the plates, any account of 
them here might be regarded as a work of supereroga- 
tion. 

A specimen of the Composite order, singularly rich and 
beautiful, exists at Rome, in the triumphal arch, erected 
to commemorate the awful and predicted destruction 
brought upon the city and temple of Jerusalem by the Ro- 
mans, in the year 70, under Titus, during the reign of his 
father Vespasian.* Under the arch are sculptured the 
golden candelabrum of seven branches, the tables of show- 
bread, and other spoils, carried away from the temple. It 
is the ingenious, and not improbable fancy, of some emi- 
nent writers on architecture, that the general idea of the 
Composite order, as it appears in the arch of Titus, was 
borrowed by some Roman artist in the suite of that General, 
from the structure of the Temple of Jerusalem itself, after 
the conquest of the city, but before its final overthrow. Jo- 
seplius, it IS true, says, the columns of the temple were Co- 
rinthian ; but the diflferences between that order and the 
Composite, might not attract his attention, nor would they 



* The remuns ofth'iB ^'Triamphal Arch," stand very near the 
South Western limits of the ancient Forum. They are thus noticed 
by Theodore Dwight, Esq. in the Journal of his Tour in Italy : " It 
(the Arch) is built with solidity, of large blocks of marble, in the form 
of a simple gate-way: but the deep channels worn into its surface 
by time, and the immediate historical connection it has with the 
overtlirow of Jerusalem, have imparted to it a moral grandeur which 
even superior antiquity or magnitude alone could never possess. 
Those who have read the scriptures from infancy, and been taught to 
mourn with the saints and prophets of Israel, over the desolation of 
the city of David and the house of Grod, can never approach unaffected 
and regard this monument of heathen triumph. As we entered the 
shelter of the arch, we trod the stones of the old Sacred Way, which 
lay yet undisturbed under our feet : probably the same pavement that^ 
Titus passed over in his triumphal march to the Capitol, when they 
brought the spoils of the Holy Temple, and a large company of Jew- 
ish captives. On the right are seen, beautifully sculptured in relief, 
the seven golden candlesticks, th^ silver trumpet, the table of show- 
bread, and the book of the law, all borne by priests marching in order ; 
and on the other side is the emperor, in his triumphal car, drawn by 
four horses, harnessed abreast, and represented with the highest skill 
of the sculptor, 'i'he chariot is accompanied by the Genius of the 
Senate and Victory, bearing a crown of a branch of Palm from Pales- 
tine. This record of history, containing more details than 1 have 
enumerated, still speaks to the eye and to the mind in language as 
clear and impres: i .-e as when it was first erected. But the unyielding 
spirit of the captives retains to this day all its pride and sternness. 
There are many Jews now in Rome, the descendants of the prisoners 
of Titus ; but it is said that not a'son of Israel has ever passed this 
detested spot, and trodden this part of the Sacred Way, since the day 
of his triumph. They still delight to trace back their pedigree to 
those whose humiliation they have inherited ; while, it is said, not a 
man in being can establish a clear and undoubted claim to the blood 
of any ancient Roman family." 



have been generally deserving of notice. At any rate, the 
triumphal and tropheal arch of Titus is the most ancient 
monument in which the Composite order is discovered. 
This arch possesses another peculiarity, that it is supposed 
to be the Jirst structure of the tropheal or triumphal kind 
erected by the Romans — an example soob afterwards imi- 
tated by the abject adulation of the people, or rather by 
the insulting vanity of their princes — until at last, such 
trophies, being lavished without discrimination, ceased to 
be marks of honorable distinction. 

The feelings and duties of human beings in a social 
state of existence, naturally spring from that state. To a 
person brought up from infancy in absolute solitude, such 
feelings would only produce misery, and such duties would 
be a nonentity. Let, however, two persons be placed in mu- 
tual communication, and that instant feelings of kindness or 
dislike, of affection or hatred, will arise. Let both be hun- 
gry, and let an apple or an orange only be procured ; this 
each will instinctively desire to appropriate to himself; for an 
equal distribution of the object of their desires between them, 
must be the result of posterior experience and reflection, 
and not the spontaneous suggestion of the occasion. If 
the one is a little stronger or more alert than the other, he 
will avail himself of these advantages over his fellow-being 
to seize the object of his wishes. By this sole appropriation, 
the other sustain^, not an imaginary, but a real loss. The 
natural desire for necessary aliment will aggravate his feel- 
ings of disappointment and defeat, into aversion, resent- 
ment and revenge, against his spoiler ; and should he be fre- 
quently thwarted in a similar way by his companion, noth- 
ing short of the entire destruction of that companion, will 
appear sufficient to secure himself from future privations and 
sufferings. This process will take place in the breast of the 
weaker being,'even although the stronger should not attempt 
to assume to himself still greater advantages, in consequence 
of his acknowledged superiority. That the latter will, how- 
ever, be governed by sentiments so moderate is extremely 
improbable. The self-gratulation, arising from conscious- 
ness of power, will yield a flower too delicious not to induce 
the desire of again experiencing such delight. He will thus 
naturally be disposed to exercise his superior faculties, not • 
when the calls of necessity only, but when the suggestions of 
vanity or caprice, may furnish opportunity. Hence, his 
feebler neighbor will, by degrees, be reduced to absolute 
slavery, dependent on the other for even the necessary means 
of existence ; and of this existence itself, should he long con- 
tinue refractory, he will probably be at last deprived. Thus 
may be traced the origin of the worst feelings and actions by 
which human beings arc distinguished ; and by a similar, 
but opposite process, may the rise and progress of the best 
sentiments and conduct be explained. In absolute seques- 
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trationand solitude, neither virtue nor vice ckn exist; but 
without virtue and vice in society, human beings can have 
no existence. When this simple and obvious theory of what 
is called the origin of evil, (a theory by far too simple and 
too obvious, to have fixed the attention of presumptuous phi- 
losophy in any period of the world,) is considered, it will ex- 
cite no surprise, that the history of mankind, under even the 
most favorable circumstances, should present little else than 
an endless chain of deplorable wickedness and wretched- 
ness, equally the natural consequences of folly and vice. 
'^ We are a contemptible gang of plunderers, pests of socie- 
ty, meriting, forsooth, punishment the most severe and dis- 
graceful, because we appropriate to ourselves the property 
of unoffending men, and even, on some occasions, deprive 
the owners of life, and all this we do, few in number, 
more frequently by secret stratagem than by open force, 
and even in some measure authorized by the sanction of 
necessity. Thou, on the other hand, born to indepen- 
dence, to wealth, to power, to supreme dominion, without 
even a rival to attempt to obstruct the gratification of thy 
desires ; — without provocation, without invitation, without 
necessity, without any motive or reason which a man of 
genuine courage and truth, a friend to human kind, would 
avow ; thou destroyest cities, the abode of industry, knowl- 
edge and patriotism ; thou layest waste peaceable and 
flourishing countries, where thou hast received no injury — 
thou causest to flow torrents of the blood of nations who 
never even heard of thy name — and all this thou dost at the 
head of armed myriads, in open defiance of common jus- 
tice and humanity ; therefore art thou exalted to the rank 
of a hero, a conqueror of worlds, a demi-god." In such a 
strain, we are told, was the mighty Alexander of Macedon, 
addressed by the chief of a petty band of pirates, who fell 
into his hands, and whom he conceived himself authorized 
to punish, in an exemplary manner, for their outrages on 
society ; and the observations are fully warranted by the 
undeviating practice of all people and of all times. Hence, 
we find in the most ancieut records of human society, 
applause and reward lavishly bestowed on the successful 
warrior, whether just or unjust, the cause in which he was 
engaged. But beside this and other marks of the real or 
supposed admiration and gratitude of their armies and 
people, conquerors were in the habit of constructing some 
more substantial evidence of their victories, on the scene of 
their exploits. 

At one time a rude block of stone, at another a mould 
or hillock of stones and earth, raised on the field of battle, 
served at once to point out the spots where the honors of 
the victor were achieved, and where, rested from their toils 

the human beii^gs thus cut off, in the performance of the 
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duties he imposed. Of such monuments many examples 
still survive the long lapse of ages, in Great Britain, in 
Cornwall, in Wales, and in Scotland. These dumb memo- 
rials came at last into disrepute : they recorded, indeed, a 
slaughter and a victory ; but succeeding generations^ when 
tradition grew feeble, or entirely died away, were left to 
conjecture the cause of their erection ; and the mighty 
warrior was thus bereft of half his glory. When the Ro- 
mans began to establish themselves in the southern parts of 
Gaul, and to extend the boundaries of their province, now 
Provence, Languedoc and Dauphiny, in France, they first 
constructed durable memorials of the success usually ac- 
companying the exertions of united and well-disciplined 
bands ; although far from numerous, against countless mul- 
titudes of irregular, ungovernable barbarians. Two Ro- 
man generals, Domitius iEnobarbus and Fabius Maximus, 
erected on the banks of the Rhone, saxoa turres, towers 
built of stone, supporting trophies, consisting of arms of- 
fensive and defensive, standards, instruments of marUaf 
music, and other pledges of victory, taken from the ancient 
Oauls. This conduct on the part of their commanders was 
highly reproved at Rome ; — for until then the Romans had 
never allowed themselves, even after their most signal suc- 
cess in war, to erect, in the midst of a conquered people, 
any monument whatever, by which they should be remind- 
ed of their subjection, and consequently be excited to en- 
deavor to regain their former independence. ** Never be- 
fore this," says the historian, ** did the Roman people up- 
braid any conquered nation with their own defeat." This 
happened about 120 years before England's era. Some 
time afterwards, Pompey constructed, on the summit of the 
Pyrenees, near their eastern extremity, a permanent build- 
ing, as a memorial of his successes, slight enough, indeed, 
over the partial but patriotic attempt of the Spaniards to 
throw off the Romish yoke. This action was severely rep- 
robated at Rome. The same magnanimous sentiment ac- 
tuated not the free states of Greece only, but even the des- 
potic and military kingdom of Macedon. " States and na- 
tions," said those ancients, " like individuals and families, 
will differ upon particular points, where their interests, real 
or supposed, are concerned. These differences will lead 
to quarrels, and even to the most hostile proceedings and 
open warfare. It is not unnatural that, in these contests 
in arms, the victors should endeavor to confirm the courage 
and ardor of their own people, and to depress the spirit of 
their adversaries, by some public testimony of their superi- 
ority. For such a purpose, a few helmets, and breast-plates, 
and shields, and swords, taken from the vanquished and 
supported against a spear, or suspended on a tree, on the 
scene of victory, will be fully suflGicient : — let not, however, 
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such emblems of superiority be of long duration. The pas- 
sions of men will cool, their views of interest will change, 
and the parties which to^lay meet with deadly rancor in the 
field, will be found in a short time united in one common 
cause, and fighting, as friends and brothers, against an ally 
of one of the parties on a former occasion, but now become 
a common foe. It is, besides, to be considered, that suc- 
cess in war is not always attached to one side : no nation 
was ever always victorious, nor always discomfited. LiOt us 
never, therefore, by permanent records of our temporary su- 
periority, labor to cherish and foment among our neighbors, 
that spirit of hostility which, at no distant day, it may be 
equally our desire and our interest entirely to extinguish. 
Injuries men often will and do forgive : insults, perhaps, 
never." Such were the wise and magnanimous sentiments 
and principles of the Greeks and Romans, the two most en- 
lightened nations of antiquity, in their best days. In the 
degenerate days of Titus and Vespasian^ however, when 
Rome reigned paramount over the greater portion of the 
civilized world, the feeling of national importance and in- 
dependence, the source and support of every manly, gene- 
rous and patriotic principle, was next to extinct in the na- 
tions of Europe. The example set in the case of Titus, 
was speedily followed ; and not only Rome itself, but num- 
bers of the principal cities over the empire, were adorned 
with edifices, triumphal, trophial, and commemoratory, 
many of which still remain, exhibiting admirable specimens 
of architecture and sculpture ; and by the inscriptions and 
representations with which they are charged, serving to il- 
lustrate and establish the dates of many important historical 
facts. Wisdom, justice, and moderation are immutable — 
and, as such, never (let weak, and consequently narrow- 
minded men, say what they may,) can be inexpedient, or out 
of season. Human nature is at this day what it was twenty 
centuries ago. Let, then, the prudence and humanity, by 
which states were then governed, and not the overbearing 
presumption and insolence on the one hand, and the abject, 
interested adulation on the other, by which later periods 
have often been characterized, suggest the most commend- 
able models for modern imitation. 

But to return to the arch of Titus — it may just be added, 
that the unfortunate branches of the Hebrew nation estab- 
lished in Rome, made an arrangement, many years ago, 
with the government, agreeably to which, for the payment 
of a certain sum of money, they were permitted to open a 
narrow passage by the side of that arch, which, although 
not now connected with the inhabited part of the town, is 
fiituated in the heart of the old city, on a very public thor- 
oughfare, that their minds might not be tortured unnecessa- 
rily by the display of the emblems of the final destruction 



and extinction of their religion and their state, of their name 
and their nation. This digression the reader will, it is 
trusted, without difficulty pardon. It arose naturally from 
the subject, and may, perhaps, suggest certain considera- 
tions not entirely unprofitable. 

With respect to the kind and degree of ornaments to be 
introduced into a column and its appendages, it is a maxim 
founded in our natural sentiment of what is decorous and 
beautiful, that if we are in doubt concerning the proper me- 
dium, we should always stop short of the proposed point, 
and be careful never to go beyond it. The pupil of an an- 
cient painter in Greece, produced a Venus loaded with jew- 
els. '' Unable to make the goddess beautiful," said his 
master, *^ you have thought to atone for that defect, by 
making her rich and fine.'' The dignified sobriety and grav- 
ity becoming an edifice, appropriated to religious purposes, 
or to the senatorial and legislative assemblies of a great and 
enlightened people, the massive solidity and strength inhe- 
rent in our idea of a fortress, the light, airy, exhilarating 
notion attached to the name of a theatre, or other places of 
amusement ; all these qualifications of the edifices to be 
constructed, will, to an architect of genius, suggest the spe- 
cies and the measure of the ornament suitable to each. A 
slender, delicate, and highly enriched Corinthian portico to 
Newgate prison, could not be more incongruous, nor indi- 
cate a greater want of taste iit the builder, than a massive, 
heavy, clumsy Doric (if Doric it be,) range of pillars, and 
their pediments corresponding : apparently forbidding, but 
doubtless, meaning to invite the passing stranger to enter 
the theatre of Covent Gardens. When we examine the 
monuments remaining f|pm antiquity, we find that the cy- 
ma, the cavetto, or other ornament, formed by cutting into 
the substance of the work, is employed as a finishing only, 
and never, where strength is required ; that the ovolo and 
talon are employed to support the essential parts of the en- 
tablature, such as the modillions, dentiles, and corona; 
that the principal use of the torus and astragal is to secure 
and strengthen the extremities of the columns ; being also 
employed for the same purpose in pedestals, carved so as to 
resemble a rope or cable, agreeal^y to the original signifi- 
cation of the term torus ; that the scotia serves merely to 
separate the members of the base, as does also the fillet, 
not only in the base, but in profiles of all kinds. By the 
term profile, is here meant the assemblage of parts, mould- 
ings, and ornaments of a cornice, &c. in which the eleva- 
tion and projection of each member are exhibited. The 
most perfect profiles are those consisting of the fewest 
mouldings, adapted to the order of the column, so disposed 
that the right lined and the, curved members succeed one 
another alternately. In every profile one member shoirid 
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be predominant^ to which all others must appear sabordi- 
nate ; thus, in a cornice, the corona is the chief member, 
the cyma of the cavetto covers and defends it from the rain, 
while the modillions, dentils, ovolo, and talon, serve to sup- 
port it. In the arrangement of the exterior of a building, 
whatever does not tend to characterize its destination, how- 
ever beautiful in itself, is always misplaced. Greatness of 
character in an edifice, is principally produced by largeness 
and simplicity of parts ; such parts not only by their own 
magnitude, by the great masses of light and shade they ex- 
hi bit, when fully illuminated, excite the idea of grandeur. 
An object may be great, and not be grand — but grandeur 
and smallness of parts are incompatible. One of the most 
extensive edifices in Europe, is the king of Spain's palace, 
at the Escurial, not far from Madrid. It covers a vast ex- 
tent of ground, enclosing a number of courts, porticos, chap- 
els, d^c. in its bosom. Having, however, been constructed 
as a monastery, rather than as a palace, (for the royal apart* 
ments are confined to a very small portion of the structure,) 
the building is divided into various floors, and consequently 
the exterior walls are pierced with various ranges of com- 
paratively small windows, adapted to the cells and halls of 
monks. The consequence of all this is, that the i(Iea of 
grandeur and magnificence raised in the mind of the spec 
tator, while approaching it from a distance, and observing 
its prodigious dimensions, entirely vanishes away, when, on 
a closer view, the whole is discovered to be only an assem- 
blage of small diminutive parts and members, such as might 
be suitably introduced into a manufactory, a barrack, a hos- 
pital, or a convent. Many objections have been made to 
Blenheim palace, in Oxfordshire England, as clumsy, pon- 
derous, inelegant, and by no means corresponding to the 
customary notion of a country residence. That magnificent 
edifice was erected at the expense of the nation, to com- 
memorate the signal victory obtained in 1704, near Blen- 
heim, a village on the north bank of the Danube, by the 
allied army, under the Duke of Marlborough. That distin- 
guished and modest commander stands next to Julius Cae- 
sar, unrivalled in history for perfect coolness and possession 
of himself in action ; who, so far from ever exposing himself 
to the possibility of being surprised, whatever might have 
been the talents of his opponent, never rested until he was 
so close upon the enemy, as, in many cases, to discover 
their measures, and prevent their forming any project against 
himself, for the greater part of the campaign. Like Cssar 
also, in person a hero, he was scrupulously tender of the 
lives of his men, and to spare them, would often forego the 
opportunity of a brilliant, but sanguinary and useless victory, 
for the more slow, but more secure, and difficult advantages 
to be obtained by a skilful occupation of ground. On a due 



consideration of the destination of Blenheim, it will be man- 
ifest that the architect, Sir John Vanburg, intended, by 
throwing the structure into a variety of large projecting and 
retiring masses of building, to produce broad and powerful 
effects of light and shade, — and by that contrivance to fill 
the spectator with the idea of the vast magnitude of the 
parts, and of the whole, far beyond what their real magnitude, 
considered as it is, could be expected to excite. 

Besides regular columns and pilasters, we sometimes 
meet, in ancient and modern architecture, entablatures, sup- 
ported by human figures. These are termed Caryatides, 
from the following circumstance : Five hundred years be- 
fore our era, Xerxes, the powerful monarch of Persia, 1^ a 
prodigious army and fleet against the free and independent 
republics of Greece. Successful at first, more by treachery 
than by valor, he was at last discomfited at every point, and 
compelled to return in disgrace and ruin to his own coun- 
try. Carya, a town of Peloponnessus, had basely formed a 
league with the invader ; and upon his flight it was beseiged 
by the other states, levelled to the ground, (he male in- 
habitants put to the sword, and the unhappy, perhaps inno- 
cent females, reduced to slavery of the severest kind. To 
perpetuate to future ages the infamy and punishment of the 
people of Carya, in Athens, and in many other parts of 
Greece, buildings were erected, in which were introduced, 
in the place of columns and pilasters, figures of Caryan wo- 
men, supporting the load of a cornice and entablature. In 
general, these figures are attached, like pilasters, to the 
wall ; but in Athens they are also found detached, and per- 
forming the duty of columns, Male figures are also employ- 
ed in the same way in some ancient buildings in Greece 
and in Rome ; in Greece they are evidently intended to rep- 
resent Persian prisopers taken from Xerxes. From this ac- 
count it is evident that human figures, in the place of col- 
umns or pilasters, ought, if at all, to be introduced on very 
particular occasions indeed. They nevertheless are often 
seen in the palaces of princes, and even in private dwell- 
ings. Our churches themselves, in which all adventitious 
distinctions among mankind ought, if anywhere, to disap- 
pear, are not free from this absurdity. These poor females, 
humiliated, borne down with a heavy load, are meant, we 
are to understand, for the muses and ^ graces, the virtues 
^d the angels themselves. Could the vices which corrupt, . 
and the furies which torment the human race, be thus 
chained down, and so rendered in some sort subservient to 
oux use, such an application of Persians and Caryatides 
might easily be reconciled to reason. 

Not only entire human figures, but simple busts, are 
also employed occasionally, to support the entablatures of 
monuments, chimney-pieces, &.c. The head is placed oa 
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a standi smaller below than above ; and the whole is ealled 
a temif from terminus, a boundary, the Roman name of the 
land-marks, or march-stones, erected on fields and posses- 
sions, to point out the boundaries between the lands of dif- 
ferent proprietors. The protecting charge of these land- 
marks, as of everything else connected with the affairs of 
industry and commerce, being entrusted to Mercury, by the 
Romans as well as the Greeks, the top of the stone or post 
was carved in resemblance of his head ; so that to destroy, 
or remove, or deface such monuments, was regarded, not 
only as gross injustice to men, but as a voluntary and im- 
pious offence against the powers above. 

•It now remains to give a few observations on the con- 
structions of Bridges, one of the most important and diffi- 
cult applications of architectural skill. 



CONSTRUCTION OF BRIDGES. 

By a bridge we mean a structure of stone, brick, timber, 
or iron, erected over a river, a canal, a valley, or other de- 
pression in the ground ,* and supported on piers and ar- 
ches, or on post, for opening a communicatiQn for passen- 
gers, cattle and cariages, across from the one side to the other- 

The perfection of a bridge consists in its having a good 
foundation, that it may be durable ; of an easy ascent and 
descent, that it may be convenient ; and of a just propor- 
tion in its several parts, that it may be beautiful. Bridges 
should always be placed at right angles to the course of the 
river, &:.c. and the piers should never be thicker than is 
just necessary to support the structure against the force of 
the current 

The simplest theory of the arch, supporting itself in 
equilibrio, (that is, in such a state t1iat the tendency of 
every part to fall down or give way is perfectly equal,) is 
that of Dr. Hooke, the greatest of all philosophical mecha- 
nics, who flourished in the latter part of the seventeenth 
century. The arch when it has only its own Weight to 
bear may be considered as the reverse of a chain suspended 
freely at each end ; for the chain hangs in such a form that 
the weight in each link is held in equilibrio, by the result of 
the two forces acting at its extremities. Two forces or ten- 
sions arc produced, the one by the weight of the portion of 
the chain below any particular link, the other by the same 
weight, increased by that of the link, both of them acting 
originally in a vertical direction. Now, supposing the . 
chain inverted so as to constitute an arch of the same form 
and weight, the relative situation of all the lines, indica- 
ting the direction of the forces, will remain the same, the 
forces acting only in contrary directions ; so that they are 
compounded in a similar manner^ and balance each other 



on the same conditions, but with this difference, that the 
equilibrium of the chain is stable, and of the arch is totter- 
ing. When the links are supposed to be infinitely small, 
and the curvature of the chain is greatest in the middle, 
tlie chain forms what is called catenarian curve, from cat^ 
na, a chain. In common cases, this form of an arch 
differs but little from a circular arch of about 120 degrees, 
or one-third of a w hole circle, rising from the abutments, 
with an inclination of 30 degrees to the perpendcular ; the 
arch, however, becomes more curved at some distance 
below the summit, and then again less curved. The sup- 
position, however, of an arch resisting a weight, acting 
only in a vertical direction, is by no means perfectly applica- 
ble to cases usually occurring in practice. The pressure 
of loose stones and earth, moistened as they generally must 
be by rain, is exerted very nearly in the same manner as 
the pressure of fiuits, which act equally in all directions; 
and even if the stones and earth were- united in a solid 
mass, they would constitute a sort of wedge, and produce a 
pressure of a similar nature. 

A bridge must also be so calculated as to support itself 
without being in danger of falling by the defect of the la- 
teral adhesion of its parts. In order that it may, in this 
respect, be of equal strength throughout, the depth at each 
point must be proportional to the weight of the parts 
beyond it. This property belongs to the logarithmic 
curve alone, the length being made to correspond with the 
logarithm of the depth. But in the construction of bridges 
it is necessary to inquire what is the best Lrmfor support- 
ing any weight which may occasionally be placed on the 
bridge ; in particular, on its weakest part, which is ususally 
the middle of the arch. Supposing the depth at the summit 
of the arch and at the abutments to be given, it may be 
considerably reduced in the intermediate parts, without im- 
pairing the strength; and whether the road along the 
bridge be horizontal or a little inclined, it is agreed that an 
elliptic arch, not differing much from a circular, is the best 
calculated for complying, as much as possible, with all ne- 
cessary conditions. 

The tier of bricks cut obliquely, which is placed over 
a door or window, is a real arch, but so flat as to allow the 
outline to appear horizontal. Little dependence however 
can be placed on so fiat an arch, since it produces a lateral 
thrust that might easily overpower the resistance of a side 
wall. For the horizontal force .required to support each 
end of an arch, is always equal to the weight of a quantity 
of the materials supported by its summit, supposed to be 
continued of their actual depth, to the length of the radius 
of the circle, of which the summit of the arch is a portion. 
This simple calculation will enable an architect to avoid 
such accidents as but too often happen to bridges, for want 
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of sufBcient firmness in the abutments. Very eminent 
modern architects have sometimes been less successful in 
constructing arches of bridges and other edifices, than 
those of former times, whom it is but too common to de- 
spise ; and for want of attention to mechanical principles, 
they have committed such errors in their attempts to pro- 
cure an equilibrium, as have been followed by the most 
mischievous consequences. Examples of this mismanage- 
ment might be pointed out in the bridges of our own 
country, and the churches of others ; but if we are masters 
of the true nature and action of pressure, we shall be able 
to avoid similar errors, unless some defect in the materials, 
the foundation, &c. occur which could not be foreseen. 
It is desirable that the pie.rs of bridges should be so firm 
as to be able, not only to support the weight of half of 
each adjoining arch, but always to sustain the side thrust 
of one of them, should the other give way. The same 
condition is necessary for the stability of walls of any kind, 
employed in supporting an arched or vaulted roof, hence 
the utility of the external buttresses, which strengthen and 
adorn Gothic structures. There are two ways in which a 
pier or a wall may give way ; it may either be overset or 
caused to slide away horizontally. But since the friction 
or adhesion which resists the side motion, is usually greater 
than one third of the pressure, it seldom happens that the 
whole thrust of the arch is so oblique as not to produce a 
sufficient vertical pressure, for securing the stability in this 
respect ; and it is only necessary to make the pier heavy 
enough to resist the force which tends to overset it. It is 
not, however, the weight of the pier only, but that of half 
of the arch which rests on it, that resists every effort to 
overset it ; and in order that the pier may stand, the sum 
of these weights, acting on the end of a lever, equal to half 
the thickness of the pier, must be more than equivalent to 
the horizontal thrust, acting on the whole height of the 
pier. The pier may also be considered simply as forming 
a continuation of the arch ; and the stability will be pre- 
*^rved as long as the curve, indicating the direction of the 
P'^ure, remains within its substance. The dimensions 
o^ ^-^ piers must depend on the size and form of the 
arch, ., also on the force of the current to be opposed. In 
tide riVbg^ jjjg current acts twice a day in contrary direc- 
tions, rtk^^ considerably above the surface of the river itself, 
and retui>^ ^^ ^^^^ j^^^j rpj^^ pressure on the piers is, 
therefore, V^ unequal ; and from the circumstance that 
the stones ™\he thus in a continual alteration between 
wet and dry, N^election and placing of the materials, be- 
comes a ma r Vj^^ greatest importance. Some persons 
are ^^^P^^^^^^^^^ of stone resist the action of water 

ind sun, o % weather best, when placed exactly in 



the same position as when they lay in the quarry. Whether 
this circumstance, if real, was attended to, or not, in the 
construction of Black friar's bridge in London, or whether the 
stone was of an improper kind, it is certain that such parts 
of the piers as are exposed to be covered by the tide, are 
now in a state of manifest decay, while the corresponding 
parts of Westminster bridge are comparatively but little 
affected, although it was founded in 1738, and the former 
bridge not till 1760. The new Strand bridge is built 
of granite, the least subject to decay of all stone, for exter- 
nal causes. The stone employed in constructing the grand 
quay along the front of the arsenal of Woolwich in Englantf, 
was drawn from the vicinity of Dundee, in Scotland, and is 
found to answer much better in such a situation, where 
it is alternately, with short intervals, wet and dry, than any 
formerly employed. It has been likewise used in some of 
the great basins and docks in London, and in constructing 
the piers to support the iron bridge over the Thames, at 
Vauxhall. 

In building a bridge, the most essential part of the en- 
terprise is to secure a good foundation. The most simple 
method of doing this, and carrying up the piers to the 
ordinary height of the water, is to ti^rn the river out of its 
course, above the position of the bridge, into a new chan- 
nel opened for it, near the plaoe where it makes an elbow 
or bend ; or by raising an enclosure round the spot, where 
the pier is to be built, to keep out the water, by driving a 
double row of stakes into the bed of the river, very near one 
another, with their tops above the surface of the water. 
Hurdles are then put within this double row of stakes, the 
side of the row which is next the intended pier is closed 
up, and the hollow between the rows filled with rushes 
and mud so closely rammed down that water will not pass 
through. The mud, sand, stones, d&c, within this enclo- 
sure, are dug out, until a solid foundation appears : when 
such a foundation cannot be found, one of wooden piles, 
having. their lower ends well charred, to prevent rotting, 
and driven into the bottom of the river as close together as 
possible, must be made. Some architects h^ve formed a 
continued foundation the whole length of the bridge, and 
not merely under the piers. In doing this, first one part 
of the river is excluded, and then another, until the whole 
foundation be laid. When a river is but of moderate depth, 
having such a bed as may serve for a natural foundation, 
capable of bearing, without subsidence, in whole or in part, 
a heavy pier, then a strong frame of oak is constrncted and 
kept upon the surface by boats around it. On this frame 
is laid a thick stratum or layer of stone, cramped together 
by iron bars, and united by strong terras mortar; the 
whole of which being then specifically heavier than the 
water, is suffered gentlj to sink down to the bottom where 



"^^ 



I 



26 



INTRODUCTION. 



ti 



« 



the pier is to stand. If it be required to construct a bridge 
across a fordable ri?er, or a canal, where the course of the 
water may be turned off, either by a wooden fence placed 
obliquely across the river, or by a channel dug one side, 
then a dam must be formed entirely across the stream, with 
piles, at a convenient distance above the place of the in- 
tended bridge. The ground is then dug out until a proper 
solid foundation presents itself; and all the piers may be 
founded and raised up to the usual height of the river, at 
the same time ; after which the river is permitted to return 
to its original channel. When the stream is by far too 
considerable to be turned aside, coffer dams are formed, 
of a circular shape, to enclose the spot where each pier is 
to be built. The dam is made, as before said, by driving 
into the bed of the river, a double row of stout piles, either 
charred at the lower end, when the bed is easily penetrable, 
or shod for several feet with iron, where it is hard. The 
piles are forced into the ground by repeated blows from the 
pile engine ; the piles are covered with boarding, without 
and within, so as to be tolerably water tight, and the water 
which does make its way through the walls, or which springs 
out of the enclosed bed, is drawn off by pumps and hand 
labor, or, if the undertaking be considerable, by means of a 
steam engine. 

Besides bridges, other bodies of masonry are also requi- 
re, if not completely to transverse, at least to advance a 
considerable way into the water ; such are the moles and 
piers carried out from the land into the sea, from opposite 
points of the shore, and mutually bending round towards 
each other at their extreme points, where they leave an in- 
terval sufficient for the passsge of ships out or in. In our 
seas, where we have the advantage of the retreat of the sea 
twice a day, at low water such structures can be founded 
and carried up in general without particular difficulty. In 
the Mediterranean, however, where the rise and fall of the 
tide is either very unimportant or wholly insensible, as along 
the coasts of Spain, France, Italy, 6lc. the construction of 
a mole becomes an enterprise of vast labor, difficulty and 
expense. 

The vpork begins at the shore, by throwing into the sea 
blocks of rock or stone, the larger the more useful. These 
find their place in the bottom, and by accumulating block 
upon block over them, they at last rise above the surface of 
the water. The work being so far advanced, advantage is 
taken of the blocks above water, to form a road, by which 
other blocks are carried out and rolled into the sea, beyond 
those already placed ; and these again in their turn serve, 
when they come to the surface, to convey another succession 
of blocks, until the foundation o' the mole be carried out to 
the intended extent. When we take into consideration the 
inequalities of the bottom of the sea, where not covered 



with hard sand, the incessant internal motion of t 
produced by currents, to say nothing of the super 
tation produced by the winds ; that most rocks a 
lose a great part of their weight, when immerse 
water, and are consequently more easily moved at 
place to place by the motion of the waters ; also ' 
extent in breadth to which rude blocks of stone or i 
necessarily roll, before they find a bed, either in tht 
of the sea or on one another : when all these th 
considered, the structure of moles and piers, in su 
must appear to be an enterprise of extreme diffici 
expense. In such seas, however, no other mode 
structing an artificial harbor can be devised. Wh 
foundation is supposed to be sufficiently consolidate 
is raised above the surface of the water, the mole is 
pleted by a structure of hewn stone, founded in the . 
stices of the sunk blocks, adapted to the purposes of < 
mercial and maratime affairs. Of this construction are 
old and new models of Gibraltar, of Alicant, Tarragona i 
Barcelona, in Spain ; of Sette and Toulon, in France ; 
Genoa, Leghorn, Civita Vecchia, Naples, and Anchona, 
Italy, &c. The famous antique mole at Pozzuoli, in th 
bay of Naples, is constructed with piers and arches foundei 
in the sea, and is from its appearance called Caligula's 
bridge, having been, as is supposed, erected by that im- 
perial monster. On the same principles with the moles just 
described, is constructed what is called the breakwater, in 
the entrance of Plymouth haven, in England ; in the view of 
abating the violence of the waves and currents which have, 
on many occasions, proved most prejudicial to the fleets 
resorting to that otherwise admirable station for shipping of 
every sort. In the report laid before the British Parliament, 
concerning this prodigious enterprise, which was carried on 
at the public expense, the engineers, Messrs. Rennie and 
Whitby, (the former the engineer for the Strand bridge in 
London,) state that there are, properly speaking, three en- 
trances into Plymouth Sound or Haven, viz. one on the 
west side of the bay, bounded by a long cluster of small 
rocks, called Scott's ground, and the depth is only from ?^ 
4 fathoms, (from IS to 24 feet) at low water ; and or^^^ 
east by the Knap and Panther, on which is about tly**"*® 
depth of water. This channel is about 500 fatho/ ^'^®* 
and the general depth is from 5 1-2 to 6 fath^ ^' ^^w 
water. The middle channel is bounded by tb^"^P ^"^ 
Panther on the west, and by the Tinker and >^^®' ^^ ^^^ 
east ; about 300 fathoms wide, and the gen/ ^®P^^ ^^^^ 
6 1-2 to 8 fathoms at low water. . 

From this description it appears tha^''^'"^® P*""' ^^ the 
middle of Plymouth Sound is shut r^^ ^^® ^^""^^^^ and 
St. Carlos' rocks ; that is, as a char' ^""yj^'S^ shjps. Of 
course, works erected on those ro< "^"""^^ ^^ ^"^ obstruc- 
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tion to a |>a8sage in or out of the Sound. If a pier or break- 
water were constructed on the Shovel rocks and extended 
westward, so as to shut up in part the channel between them 
and the Panther, and also to shut up or narrow the spaces 
between St. Carlos' rocks and Andurn point, the tide being 
then confined to a narrow space, the velocity of the cur- 
rent would be increased, and consequently the channels 
where it passed. It seemed, therefore, proper that a pier or 
breakwater should be constructed in the Sound, having its 
eastern end about 60 fathoms east from St. Carlos' rocks, 
and its western end about 300 fathoms west from the Shovel, 
forming in the whole a length of 850 fathoms. Of this 
pier 500 fathoms in the middle should be straight, and 175 
at each end inclined at an angle of 120 degrees. In addi- 
tion to this breakwater, another should be extended from 
Andurn point on the shore, towards the former, of about 
400 fathoms in length, having also a part inclined at an 
equal angle. These inclined parts were to repel the waves 
in such a manner as to prevent them from passing violently 
through the opening between the piers, and to shelter the 
Sound within, as to permit fifty sail of line of battle ships to 
ride at anchor in safety, in all winds and weather: and with 
ample room to work their way out to sea, by one or other of 
the channels, as their position and the state of the wind might 
render most convenient. 

These great works were to be constructed by large 
blocks of stone thrown at random into the sea, in the line 
of the intended breakwater, to find their own bed. — Stones 
from a ton and a half to two tons weight would probably re- 
sist the swell of the Sound, in stormy weather. Where the 
water is 5 fathoms deep, the base of the breakwater should 
not be less than seven times that depth, or 70 yards in 
breadth, and 10 yards broad, at a height of 10 feet above the 
level at low water or ordinary spring tides. The slope of 
this foundation on the outer side next to the sea, should be 
in the proportion of 3 yards horizontal, for one yard perpen- 
dicular; but the slope on the inside next the sound, would 
require an inclination of only half that quantity, or 1 1-2 
yard horizontal for one yard perpendicular. To the project 
here described, (and now completed) various objections 
were made, particularly by Mr. Bentham, who bad execu- 
ted some works at Sheerness, at the conflux of the Thames 
and the Medway, somewhat of the same nature, but in cir- 
cumstances incomparably more easy to manage, than in the 
open stormy entrance at Plymouth Sound. He observed 
that such a work as that proposed by Messrs. Rennie and 
Whitby, even supposing sufficient precaution to have been 
taken to prevent any injury to the harbor during its execu- 
tion, and that the whole were completed in its greatest per- 
fection, would, nevertheless, by opposing throughout its ex- 
tent a complete interruption to the water, occasion such ed- 



dies in the wake of the work, and such an increased action 
on the bottom and sides of the parts left open, as could not 
fail of forming shoals, more or less injurious, according to 
the nature of the soil, and other local circumstances. Mr. 
Bentham's plan was to sink in the sea, but in a line of di- 
rection different from that of the other engineers, a double 
row of cylindrical masses of stone work, leaving an interval 
between each two masses above, equal to their diameter ; 
placing the masses in one row opposite to, and covering the 
intervals between, the masses in the other row. By this ar- 
rangement, while the two rows in conjunction formed a com- 
plete obstacle to the direct course of the waves, the tide 
or current would be allowed to pass freely between the 
masses, throughout the whole extent of the breakwater; 
boats also and even small vessels might, in moderate 
weather, pass through the intervals without danger. Not- 
withstanding these objections and proposals, the scheme of 
Messrs. Rennie and Whitby, all circumstances duly bal- 
anced, was adopted by government, and ordered to be car- 
ried into effect. On a plan much of the kind proposed 
by Mr. Benham was begun, in France before the resolu- 
tion, a project for forming an artificial roadstead, or place 
of anchorage for ships of war, in front of Cherbourg, on the 
north coast of Normandy. This place, situated in the 
bottom of a wide open bay, on a part of the coast project- 
ing considerably into the British Channel, lies only about 
60 miles south from the Isle of Wight, and therefore offers 
a most advantageous position for watching the motions of 
British fleets, moving up and down the channel, or pro- 
ceeding from or into the great place of rendezvous at Ports- 
mouth or Spithead. Cherbourg possesses no natural qual- 
fications for a shipping station, being merely a tide harbor- 
formed by a* small river falling into the sea. Basins have 
been excavated, and locks constructed in former times, by 
means of which frigates and smaller vessels could be con- 
veniently protected ; all with uncommon ingenuity, and at 
a very moderate expense. It was not enough for an engi- 
neer in France to give proof of his genius and skill in his 
profession, in producing the best method of accomplishing 
any desired object ; his great merit consisted in inventing 
how to accomplish that object in the most economical as 
well as the most ingenious manner. By giving this turn 
to the public mind, works of the highest importance to the 
state and to individuals, were carried on, in that country, 
for sums which, in some other countries, would be regarded 
as utterly inadequate to the purpose. All persons charged 
with the execution of public works, even those we call civii 
engineers, employed in the construction of harbors, bridges, 
canals, roads, &c. were military men, regularly bred, and 
under due but liberal control, enjoying rank asd emolu- 
ment sufficient for their station in society. An instance of 
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a superior officer of the French corps of Royal Engineers, 
suspected, accused, tried, and convicted of recommending 
works which he well knew to be unnecessary, not to say 
prejudicial, that he might have an opportunity of enriching 
himself during their execution ; or of conniving at, not to 
say inventing, enormous abuses and extravagant expendi- 
ture, in the management of the public moneys, in order that 
he might be suffered, by the plunderers under him, quietly 
to amass his treasures; that a field-officer of engineers 
should be proved to have stooped so low as even to make 
false returns of the quantity of coals and candles necessary 
for his official business ; an instance of such degrading de- 
linquency is unknown in the history of French military 
jurisprudence. How far the same remark can be applied 
to another country, the constant rival and often the enemy 
of France, the records of the courts which take cognizance 
of such offences against duty, honor, and even common 
honesty, will bear ample but humiliating testimony. As 
Cherbourg possessed no outer harbor or road, such as 
Portsmouth possesses at Spithead, it became necessary 
to enclose a portion of the bay answer that purpose. Piers 
or breakwaters of continued construction were thought of; 
but at last it was resolved to sink a long range of wooden 
truncated cones into the sea at certain distances asunder, 
which being afterwards filled with massy blocks of stone, 
would form a succession of solid, immoveable masses, suf- 
ficient to break the violence of the external waves, and 
render the space within incomparatively more quiet and 
secure than it was in its natural state. The cones were 
strongly compacted of oak, narrower above than below, 
and resembling a deep tub standing on its base, without a 
bottom. By most ingenious contrivances the cones were 
floated out to their destined situations, by means of empty 
casks made air tight, which were afterwards detached, and 
the frame allowed to sink to the bottom. The sides were 
of suffi cient height to be always above water, and when fil- 
led with stone, withstood the action of the tide and waves. 
This great enterprise, the only thing of the kind in the 
world, was naturally interrupted by the disorders of the revo- 
lution in France, but was afterwards resumed, with great 
activity; so that in future wars with France, Cherbourg may 
become a most troublesome neighbor to Britain. 



WOODEN BRIDGES. 

Besides stone, timber is on many occasions employed to 
open a communication across a river ; and in some cases 
it has greaHly the advantage, as when the current is particu* 
larly rapid ; for there the posts or piles supporting the road, 



presenting, either individually or collectively, but a small 
obstacle to the stream, often effectually resists its violence, 
when a stone pier, if it could easily be constructed in such 
a position, would not long keep its ground.' Hence it is, 
that not only in England, but more particularly on the 
continent, stone bridges over great rivers are compara- 
tively rare. Thus, on the Rhone, for instance, which, rising 
in the highest Alps of Switzerland, makes its way to the 
sea through the southern parts of France, bridges of stone 
have often been constructed, and as of\en carried away 
by the stream, so that at this day, perhaps not more than 
two remain. The Rhone is, however, the most rapid 
river of its size in Europe. On the Rhine, which, rising 
not far from the source of the Rhone, takes an opposite 
course through Germany and HoMand, into the German 
ocean, and is so much less rapid as its course is longer, 
stone bridges are quite unknown. But this is oving^ not 
only to the great body of water it caries along, but also 
to the policy of the different states along its banks, each 
unwilling that the opposite state should, by a standing 
bridge of masonry, possess means of making hostile attempts 
across the river. At Strasburg for instance, a large and 
prosperous city of Alsace in France, seated on the west bank 
of the Rhine, commanding by its fortifications a much fre- 
quented passage over the river into Germany, the bridge 
was, and perhaps is, formed by ranges of piles driven into 
the river, from space to space, to form the piers, support- 
ing rafters and planks for the road, kept in their place 
by wooden bolts or treenails ; so that with a few strokes of 
a hammer or hatchet, the planks could be cast loose and 
removed, and all passage along the bridge effectually cut 
off. The German end of the bridge was also guarded by 
works, to prevent the French from penetrating by that com- 
munication. This is the bridge of Kehl, celebrated in every 
history of hostilities between France and Germany. 

Various are the methods employed in the construction of 
wooden bridges, governed principally by the extent of water 
they are to cross. Even in the narrowest, it is improper to 
trust to the resistance of beams reaching from bank to bank 
for they ought to be trussed ; that is, to be supported by 
pieces of timber reaching from each bank, near the water, 
obliquely towards the middle of the bridge. This contri- 
vance will add greatly to its strength, and prevent its bend- 
ing under passing loads. 

One of the most important particulars to be considered, 
in wooden bridges, is the seasoning of the timber. It is 
well known, that the decay of fir timber is generally owing 
to the moist, sappy nature of its exterior surface. This 
moisture must be completely removed before any paint or 
priming be applied, in the view of securing it from the 
weather. If lefl in this natural state, this sap would, by 



INTRODUCyriON. 



29 



the actioD of the wind and heat, be gradaally carried off, 
and the fir beam become internally dry and solid ; bat if 
the surface be covered with paint, oil, pitch, or other sub* 
stances of this kind, the sap is confined and will soon cor- 
rupt the timber, which will give way before its time, and 
without any external symptom of decay. In order to dis- 
sipate the moisture or sap of the surface, it is sometimes 
the practise to scorch the timbers over a fire turning it 
round regularly. The heat will attract the moisture to the 
surface, and evaporate it, and the timber will acquire a 
hard crust, of great service in resisting the weather ; when 
this is done, the parts that are to be under water should, 
be carefully covered with pitch and tar, sprinkled with sand 
and powdered shells. Those which are in sight, should 
while the wood is still hot from the fire, he rubbed over 
with linseed oil, mixed with a little tar, which will then 
strike deep into the wood, and soon become so hard as to 
be fit to paint. Fir timber, thus prepared, is found to be 
nearly equal to oak in durabiUty. At SchafThausen, in the 
north part of Switzerland, was once to be seen a wooden 
bridge over the Rhine, there very rapid, so that no stone 
bridge could resist it, admirable in its construction, and 
being the production of a plain country carpenter. The 
builder was directed to avail himself of a part of one of 
the piers of the stone bridge still remaining in its place, 
to support the intended structure. With this order he ap- 
parently complied, but so contrived matters, that, in the 
opinion of the best judges, his bridge actually consisted but 
of one immense arch of near four hundred feet, (the breadth 
of the river,) having a part stooping down, as it were, to 
rest upon the pier in the water, but not, as far as could be 
discovered actually resting on it. With very long fire beams, 
prepared for the purpose, extended at an angle of moderate 
elevation above the horizon, from both sides of the river, 
and in conjunction with intermediate timbers, meeting over 
the water, two arches were formed, being segments of large 
circles, and resembling the circular frame of the centering 
of a stone bridge. These arches were placed parallel to one 
another, at a distance sufficient for the breadth of the road, 
which was formed upon timbers suspended from the arches 
on each side, so as to be quite horizontal from end to end ; 
and instead of going over the supporting arches, was in 
fact let down between them. The whole was roofed over, 
and enclosed at the sides, with windows at convenient dis- 
tances, to defend the timber from the weather. This most 
ingenious and most useful piece of carpentry, which had 
gained the applause of all men of genius and skill, com- 
pletely answered its destination, from 1740, when it was 
constructed, to 1799, when it was destroyed by the French. 
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IRON BRIDGES. 

Bridges of iron are the production of British ingenuity, 
exclusively. Iron being the great staple metal of the coun- 
try, it has of late been employed in many works where great 
strength is required in proportion to the weight of the mate- 
rials. Melted or cast iron, possesses several advantages 
over stone or wood ; and these, in their turn, possess advan- 
tages over cast iron. To stone, iron is superior in tenacity 
^nd elasticity, and thence in strength, in facility of forma- 
tion in any desired shape, and in extent of the masses in 
which it may formed ; qualities all conducing to its supe- 
rior lightness and cheapness. To wood, iron is superior in 
the same particulars, together with durability ; but in this 
last respect, stone has greatly the advantage over iron 
equally exposed to the Weather, or other natural agents. 
The greater durability of stone arises from its being less 
liable to decomposition from the atmosphere ; and from its 
being less elastic, and consequently less subject to friction 
among its component particles, in yielding to the load and 
motion of carriages passing over it. Several ways may, 
however, be adopted, to remedy in a great degree, these 
defects of iron. Paint will prevent it from oxydation, or 
rusting, for many years, and the application may, when 
necessary; be repeated without much expense. Cast iron 
cariages of garrison guns have, by various external appli- 
cations, been perfectly preserved for upwards of a century. 
The vibratory motibn of an iron bridge may also be consid- 
erably diminished by the manner of placing and connect- 
ing the bars of which it consists: so that each bar shall 
act as nearly as possible at right angles, against another, 
and be at the same time so short, as not to be in danger of 
being bent or crushed by the pressure against its length. 
The greatest objection in this respect to cast iron is this, 
that on account of the imperceptible differences in the purity 
and other qualities of the metal, it is impossible to cast 
two bars or blocks even in the same mould, which shall 
shrink perfectly and equally in cooling, and consequently 
be of precisely the same dimensions when employed in the 
work. When such pieces come to be joined together, there- 
fore, some empty space must necessarily exist among them, 
which, is a large work, where many pieces are employed, 
must produce a very sensible play in the joinings and con- 
sequently great vibration or reciprocal motion, in the whole 
structure. This inaccuracy of the joinings may, it is true, 
be in some measure corrected, by inserting pieces of sheet 
lead in the joinings ; but this metal possesses by far too 
little cohesion of parts, and too little elasticity to be of use 
for any length of time. In order to prevent the evils aris- 
ing from these defects of cast iron it has been proposed to 
fill up the vacant spaces, left between the iron framing, 
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with some conjpact cheap materials, such as hrick united 
with the composition called Roman or Parke's cement, or 
Pozzolano, or terras, which would readily and intimately 
combine wilh the iron; thus defending it from the action of 
the atmosphere. The interstices between the bars being 
thus also filled up by a consolidated substance, the play, 
friction, and vibratory motion of the bridge, would be greatly 
diminished. Lightnes being, however, a most desirable 
property, it has also been proposed to form hollow bricks 
solely for this purpose, which, being carefully and thoroughly 
baked or- even semi •vitrified on the surface, would be proof 
against the effects of the atmosphere. In many parts, 
bricks are still seen in remains of Roman buildings, fifteen 
or sixteen hundred years old in perfect preservation, while 
the stones, with which the bricks are built up in alternate 
layers, are often greatly decayed, unless when enveloped in 
the admirably constituted mortar of those days. Iron may 
be used for bridges, either on the principle of equilibration, 
as stone is employed, or on that of connection, by framing, 
as wood is sometimes employed, in bridges, but generally in 
roofing houses. For bridges of considerable dimensions, 
the former is, by many judges, esteemed the best mode; but 
for small bridges, the latter mode will probably be found the 
cheapest. As iron bars, rods, or blocks, may be firmly 
connected together by bolts, or other means, an iron arch 
may be constructed much flatter ; that is, in the segment of 
a much greater circle, than if it were of stone; an ad- 
vantage of very great importance in certain positions, 
where arches of great span are required. The first iron 
bridge, of any note constructed in England, was that of 
Colebrookdale in Shropshire. It consists of five ribs, each 
of three concentric arches, bound together by pieces in the 
direction of a radii of the circle. The interior arch forms 
a semicircle; but the others reach only to sills under the 
road way. These arcs pass through an upright frame of 
iron at each eud, serving as a guide; and the small space 
in the haunches, between the frames and outer arc, is filled 
up with a large iron ring. On the ribs are laid cast iron 
plates to support the road. The span, or opening of the 
arch is 100 feet 6 inches, and the height from the base line 
to the centre is 40 feet. The road along the bridge* is U 
feet broad, formed on a bed of clay and iron slag, (the ref- 
use from the furnace where iron ore is smelted,) a foot in 
depth. 

Another bridge of the same material was afterwards 
erected over the mouth of the river Were, forming the har- 
bor of Sunderland, a great coal port in the county of Dur- 
ham. The peculiar construction of this bridge, consist- 
ed in applying iron, or other metallic substance or com- 
pound, to form arphes on the same principle with stone 
arches, by a subdivision into blocks easily portable^ an- " 



swering to the key-stones of a common arch, which, being 
made to bear on one another^ will have all the firmness of 
a stone arch. At the same time, by the great open spaces 
lefl between the blocks and their respective lateral distances, 
the arch becomes materially lighter than if it were of 
solid stone, and by the tenacity of the metal, the parts 
are so intimately connected, that the delicate but indis- 
pensable calculation of the size and weight of the stones 
composing the arch, becomes of but little importance. This 
bridge is in span 236 feet, and as the stones, from which 
the arch springs on each side, project 2 feet, the whole 
opening is 240 feet. The arch is a segment of a circle 
of 222 feet radius, and the height from the chord to the 
top of the arch is 34 feet : but the whole height of the 
middle of the arch, above the surface of the river at low 
water, is about 100 feet, so that ships can pass under 
it. A series of 105 blocks from one rib, and six of such 
ribs compose the width of the bridge. The vacant spaces 
between the arch and the road are filled up by cast iron 
circles, which touch the outer circumference of the arch» 
and also support the road, gradually diminishing from the 
abutments towards the centre of the bridge. Diagonal iron 
bars are laid on the top of the ribs, reaching to the abut- 
ments, to keep the ribs from twisting. The superstructure 
is a strong frame of timber, planked over to support the car- 
riage road, composed of marble, limestone and gravel, with 
a cement of tar and chalk laid on the planks in order to pre- 
serve them. The whole width of the bridge is 32 feet. The 
abutments are masses almost of solid masonry, 24 feet in 
thickness, 42 in breadth at the bottom and 37 at the top. 
The weight of the iron in the whole work is 260 tons, of 
which 214 are cast, and 42 wrought iron. The e^^ense of 
the whole, forty years ago, was 27,000/, or $119,880. The 
Waterloo bridge, over the Thames, will be illustrated by a 
plate for that purpose. 

BRIDGES IN BOSTON. 

Some of the most striking objects which attract the notice 
of strangers on visiting Boston, Mass. are the bridges which 
lead from its various points. Although we cannot boast of 
so grand superstructures as the ancient city of London, we 
nevertheless have a greater number of those convenient 
avenues. Except Cragie's and the Warren Bridges, whose 
carriage ways are covered with earth, the others with plank, 
they are very similar. The Western Avenue is a splendid 
mill dam, built of solid materials. Warren Bridge was built 
in 1828. All these bridges are well lighted by lamps, when 
the evenings are dark, and the lights, placed at regular dis- 
tances, have a splendid and romantic appearance. 



INTRODUCTION. 



31 



WESTERN AVENUE. 

This splendid work was projected by Mr. Uriah Cotting, 
who^ with others associated, received an act of incorpora- 
tion, June, 1814, under th^ title of' The Boston and Rox- 
bury Mill Corporation.' It was commenced in 1818, under 
Mr. Cotting's direction, but he did not live to witness its 
completion. His place was supplied by Col. Loammi 'Bald- 
win, and the road was opened for passengers, July 2, 1821. 
This avenue, or Mill Dam, leads from Beacon-street in Bos- 
ton, to SewalPs Point in Brookline, and is composed of solid 
materials, water-tight, with a gravelled surface, raised three 
or four feet above high-water mark. It is one mile and a 
half in length, and a part of the way 100 feet in width. 
The water, which is admitted, is rendered subservient and 
manageable. Very extensive mill privileges are gained 
by the aid of a cross dam, running from the principal one to 
a point of land in Roxbury, which divides the reserveir or 
full basin on the west, from the running or empty basin on 
the east. There are five pair of flood-gates in the long dam, 
grooved in massy piers of hewn stone : each pair moves 
from their opposite pivots towards the centre of the aperture, 
on a horizontal platform of stone, until they close in an ob- 
tuse angle, on a projected line cut on the platform, from the 
pivots in the piers to the centre of the space, with their an- 
gular points towards the open or uninclosed part of the bay, 
to shut against the flow of tide, and prevent the passage of 
water into the empty basin. In this manner, all the water 
is kept out from this basin, except what is necessary to 
pass from the full basin, through the cross dam, to keep 
the mill works in operation. The reservoir is kept full by 
means of similar flood-gates, opening into the full basin, 
(when the rising of the tide gets ascendancy over the water 
in the reservoir,) and fills at every flow, and closes again on 
the receding of the tide. In this way, at every high tide, 
the reservoir is filled, and a continual supply of water to 
pass through sluice-ways in the cross dam, sufficient to keep 
in motion, at all times, at least 100 mills and factories, is 
obtained. At low water the flood-gates of the receiving ba- 
sin open and discharge the water received firom the reser- 
voir. 

WARREN BRIDGE. 



1828; and was completed in November following, under 
the superintendence of Joshua Bnrr, Esq. of Charlestown, 
Mass. It is one of the most perfect and elegant works of 
its kind in the Commonwealth ; perhaps we might, with 
strict propriety, say in the United States. It is certainly 
not exceeded by any other in point of durability and ease 
of travel. It opens on the Charlestown side, about ten rods 
above (West) Charles' River Bridge, and, running in a 
southerly direction, terminates on the westerly part of the 
Mill Pond Land, (so called) in Boston, just east of the 
Middlesex Canal. It is the most direct, and the shortest 
communication between Boston and Charlestown. 

The Bridge is supported by 75 piers, placed at equal 
distances of 18 feet. It is 1390 feet in length, and 44 in 
width : allowing 30 feet for the carriage-way, and on either 
side, handsomely railed, for foot passengers. The floor 
of the bridge is composed of hewn hemlock timber^ about 
14 inches deep; the apertures between which are well 
chinked with small pieces of stone : the whole covered with 
6 inches of tempered clay. On this is spread 8 inches of 
coarse gravel, covered with 8 inches of McAdamized stone. 
The sides of the carriage-way are secured by edge-stones, 
12 inches deep and 9 thick. The floor-timbers are placed 
lower than those of other Bridges, in order that they may 
be occasionally wet by the high tides, which, it is thought, 
will tend to their preservation. That teams pass over this 
Bridge with great ease, is sufficiently demonstrated by the 
fiict that a single yoke of oxen has been known to convey 
16 1-2 tons, at one , time from the draw into Charleeitown, 
without any unusual effort. 

The draw, in the centre of the Bridge, is of sufficient 
width to admit vessels of 300 tons. It has wharves on each 
side, built on piers, which are planked from the capsil to 
low-water mark, for the more safe and easy passage of ves- 
sels. Its conveniences, in this particular, are in strict 
agreement with the general excellence of the whole struc- 
ture. 

TOWN'S IMPROVED BRIDGES. 

A minute and accurate description of Town's improve- 
ment in the construction of Wooden and Iron Bridges, is 
given in a succeeding part of this work. We commend the 
article to the learner as being particularly worthy of his 
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If a fifib point or any other number of points are re- 
quired, tbe process will be the same. 



PLATE 3. 



PROBLEM XV. 

Given three points, ABC, not in a straight 
line, to draw a circle through them. 

1. Bisect the lines A B, and B C, by the perpendic- 
ulars, meeting at d. 

2. Upon d, with the distance d A, d B, or d C, de- 
scribe ABC; it will be tbe circle required. 

PROBLEM XVI. 

To describe the segment of a circle to any 
length, A B, and breath, C D. 

1. Bisect A B, by the perpendicular D g^ cutting A B, 
inO. 

2. From c, make c D on the perpendicular equal to 
CD. 

3. Bisect A D, by a perpendicular e /, cutting D g 
ing. 

4. Upon g, the centre, describe A D B ; it will be the 
segment required. 

PROBLEM XVn. 

To describe the segment of a circle, by means 
of two rules, to any length, A B, and per- 
pendicular height, C D, in the middle of A B, 
without making use of the centre. 

It will be most convenient for practice to make the 
rules C E and C F^ each equal to A B, as room is some- 
times wanted. 

1. Place tbe rules to the height at C, bring the edges 
close to A and B, tack them together at C, and fix a rod 
across to keep them tight. 

2. Put iiMins at A and B, then move your rules 
round these ^ds, hold a MMU^ to the angular p<Hat at C ; 
it will describe the sa^^^required. 

10 



Fig. 2. By means of a triangle. 



Let A B be the length of the segment, and C D the 
perpendicular height in the middle. 

1. Through the points D and B, draw D B. 

2. Draw D E parallel to A B for conveniency ; make 
D E equal to D B, and join E B. 

3. Make a triangle, E, D, B, put in pins at the points 
A, D, B, then move your triangle round the points D 
and B, and tbe angular point will describe half tbe 
segment ; the other half will be described in the same 
manner, which will complete the whole segment, as was 
required. 



Fig. 3. Another Method, by means of points. 

Let A B be the length, and C D, bisecting A B, the 
perpendicular height. 

1. Through D, draw G H parallel to A B. 

2. Draw D B, tbe half chord. 

3. From B, make B H perpendicular to D B, cutting 
G H in H, and make D G equal to D H. 

4. Draw A F and B E, each perpendicular to A B 
cutting G H in F and E. 

5. Divide D G, D HjC A, C B; and A F, B E, 
each into a like number of equal parts, as five. 

6. Draw the cross lines, 4 4, 3 3, 2 2, 1 1, &c. 

7. From tbe division, on A F, and B E, draw 
lines to D, cutting the other cross lines at d, e, /, g, 
<fcc. 

8. Put pins in these points,. bend a slip round them, 

and draw the curve by it, which will be the segment re- 
quired. 



Fig. 4. Another Method, by points nearly true, when 

the Segment is very flat. 

Let A B be the length, and C D, bbecting A B, the 
perpendicular height. 

1. Draw A E, and B F, perpendicular to A B, each 
equal to C D. 

2. Divide G B, and C A, each into the same number 
of equal parts, as five. 

3. From the points, 4, 3, 2, 1, &c., on A B, draw the 
perpendicular 4 4, 3 3, 2 2, 1 1, ice, to A B. 

4. Divide A F and B E into five equal parts each. 

6. Draw lines from the points, 1, 2, 3, 4, 6, at each 
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end, to D, and complete the segment in the same man- 
ner as fig. 3. 

PROBLEM XVin. 

To describe a circle within a given triangle, so 
that A B C will be tangical. 

1. Take equal distances on A C, from A, also of C 
B, from C ; intersect toward D. 

2. Draw lines E D, from A and C, through the in- 
tersection E and D ; from E let fall a perpendicular, 
which will be the radius of the circle required. 

PROBLEM XIX. 

In a given square, ABC D, to inscribe a regu- 
lar Octagon. 

1. Draw the diagonals A C, and B D, intersecting 
at e. 

2. Upon the points A, B, C, D, as centres, with a ra- 
dius e C, describe arcs h e l, k e n, me gjfei. 

3. Join/n, m I, k i, h g ; it will be the octagon re- 
quired. 

PROBLEM XX. 

In a given circle to inscribe an equilateral Tri- 
angle, an Hexagon, or a Dodecagon. 

FOR THE EaUILATERAL TRIANGLE. 

1. Upon any point A, in the circumference, with the 
radius A G, describe the arc B G F. 

2. Draw B P, make B D equal to B P. 

3. Join D P, and B D F will be the equilateral tri- 
angle required. 

FOR THE HEXAGON. 

Carry the radius A G, six times round the circum- 
ference ; the figure A B C D E P, will be the hexagon. 

FOR THE DODECAGON. 

Bisect the arc A B in A, and A h being carried twelve 
times round the circumference, will also form the do- 
decagon. 



PROBLEM XXL 

In a given circle to inscribe a Square or aa Oc- 
tagon. 

1. Draw the diameters A C and B D, at right an- 
gles. 

2. Join A B, B C, D, D A, and A B C D will be 
the square. 

FOR THE OCTAGON. 

Bisect the arc A B in E, and A E being carried eight 
times round, will also form the octagon. 

PROBLEM XXIL 

la a given circle to inscribe a Pentagon or a 

Decagon. 

FOR A PENTAGON. 

1. Draw the diameters A C and B D, at right 
angles. 

2. Bisect B in/, upon/; with the distance / D, 
describe the arc D g upon D ; with the distance D g-, 
describe the arc g H, cutting the circle in H. 

3. Join D H, and carry it round the circle five times, 
which will form the pentagon. 

FOR THE DECAGON. 

Bisect the arc D H in t, and D i being carried ten 
times round, will also form the decagon. 

PROBLEM XXra. 

In a given circle to inscribe any regular Poly- 

1. Draw the diameter A B, from E the centre ; erect 
the perpendicftlar E P C, cutting the circle at P. 

2. Divide E P into four equal parts, and set three 
parts from P to C. 

3. Divide the diameter A B, into as many equal parts 
as the polygon is required to have sides. 

4. Prom C, through the second division in the diam- 
eter, draw C D. 

5. Join A D J it will be the side of the polygon re- 
quired. 
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PROBLEM XXIV. 

Upon a given line, A B, to describe an equilat- 
eral tri'cingle. 

1. Upon the points A and B, wilh a radius equal to 
A B, describe arcs cutting each other at C. 

2. Draw A C and B C ; it will be the triangle re- 
quired. 

PROBLEM XXV. 

Upon a given line, A B, to describe a square. 

1. Upon A and B, as centres, with a radius A B, 
de^ribe two arcs, A e C, B e D, cutting each other 
at e. 

2. Bisect A e at/; from e make e D and e C equal 
toe/. 

3. Join A D, D C, C B, and it will be the square 
required. 

PROBLEM XXVI. 

Upon a given line, A B, to construct any regular 

polygon. 

1. Upon A and B, as centres, with a radius A B, de- 
scribe two arcs intersecting each other at F. 

2. From B, draw B C perpendicular, and divide the 
arc A C into as many equal parts as the polygon is to 
have sides. 

3. Through the second division D, draw B G, make 
F E equal to F D, and through E, draw A G, meeting 
B G at G, then G will be the centre, and G A the radius 
of a circle, that will contain A B to any number of sides 
required. 

PROBLEM XXVn. 

To make a triangle, whose three sides shall be 
equal to three given lines, D, E, F, if any 
two are greater than the third. 

1. Draw. A B equal to the line D. 
2 Upon B, with the length of B, describe an arc 
atC. 

3. Upon B, with the length F, describe another arc, 
intersecting the former at C. 

4. Draw A C and C B, and A B Owill be the triangle 
required. 
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PROBLEM XXVni. 

To make a trapezium equal and similar to a giv- 
en trapezium, A B C D. 

1. Divide the given trapezium A B D, into two 
triangles, by a diagonal, A C. 

2. Make E F equal to A B upon E F, construct the 
triangle E F, whose three sides will be respectively equal 
to the triangle ABC. 

3. Upn E G, which is equal to A C, construct the 
triangle E G H, whose two sides E H, and G H, are 
respectively equal to A D and C D, then E F G H will 
be the trapezium required. 

In the same manner may any irregular polygon be 
made equal and similar to a given irregular polygon, by 
dividing the given polygon into triangles, and construct- 
ing the triangles in the same manner in the required 
polygon, as is shown by figures. 

PROBLEM XXIX. 

To make a triangle equal to a given trapezium, 

ABCD. 

1. Draw the diagofial B D, make C E parallel to it, 
meeting the side A B, produced in E. 

2. Join D E, and A D E will be the triangle. 

PROBLEM XXX. 

To make a triangle equal to a given right-lined 

figure, A B C D E. 

1. Produce the side A B both ways at pleasure. 

2. Draw the diagonals A D and B D, and make E F 
and G H parallel to them. 

3. Join D F, D G, then D F G wUl be the triangle 
required. 

Much after the same manner may any other right- 
lined figure be reduced to a triangle. 

PROBLEM XXXL 

To reduce a triangle, A B C, to a rectangle. 

I. Bisect the altitude C G in D, through D draw E 
F parallel to A B. 
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2. From B draw B F perpendicular to A B, through 
A draw A E parallel to B F, then A H F E will be the 
rectangle required. 

PROBLEM XXXn. 

To make a rectangle, having a side equal to a 
given line, A B, and equal to a given rectangle, 
C D E F. 

1. Produce the sides of the rectangle C F,T) E, F E, 
and C D. 

2. Make E G equal to A B, through G draw L H 
parallel to F E, cutting C F produced at L. 

3. Draw the diagonal L E, and produce it till it cut 
C D at K. 

4. Draw K H parallel to E G, then will EI H G be 
the rectangle required. 

PROBLEM tXXm 

To make a square equal to a given rectangle, A 

BCD. 

1. Produce the side A B, make B E equal to B C. 

2. Bisect A E in I, on I, as the centre, with the radius 
I E or I A, describe the semi-circle A H E. 

3. Produce the side of C B to cut the circle in H, on 
B H describe the square B H G F, it will, be the square 
required. 

PROBLEM XXXrV. 

To make a square equal to two given squares, 

A and B. 

1. Make D E equal to the side of the square A, and 
D F perpendicular to D E, equal to the side of the 
square B. 

2. Draw the hypothenuse F E ; on it describe the 
square E F G H, it will be the square required. 

PR0BLE2ff XXXV. 

To make a square equal to three given squares, 

A, B, C. 

1. Make D E equal to the side of the square A, and 
D F, perpendicular to D £, equal to the side of the 
square B. 



2. Join F E, draw P G perpendicular to it. 

3. Make F G equal to the side of the square C ; join 
G E, thea G E will be the side of the square required* 



PROBLEM XXXVL 

Two right lines, A B, and C D, being given, to 

find a third proportional. 

1. Make an angle H E I at pleasure, from E, make 
EJ F equal to A B, and E G equal to C B ; join F G. 

2. Make E H equal to E G, and draw H I parallel to 
E G, then E I will be the third proportional required, 
that is, E F : EG: : E H : E I, or A B : C D : : 
C D ; E I. 

PROBLEM XXXVn. 

Three right lines, A B, C D, E F, being given, 
to find a fourth proportional. 

1. Make the angle H G I, at pleasure ; from G make 
G H equal to A B ; G I equal to C D ; and join 
HI. 

2. Make G K equal to E F, draw K L through K 
parallel to H I, then G L will be the fourth proportional 
required ; timt is, G H : G I : : G K : G L, or A B : 
CD::EF: G L. 



PROBLEM X?CXVra. 

To divide a given line, A B, in the same propor- 
tion as another, C D, is divided. 

1. Make any angle K H I ; and make H I equal to A 
B ; then apply the several divisions of C D from H to K, 
and join K I. 

2. Draw the lines h e^ i f, k g, parallel to I K, 
and the line H I will be divided in A, i, k, as was re- 
quired. 

PROBLEM XXXIX. 

m 

Between two given right lines, A B, and C D, 
to find a mean proportional. 

1. Draw the right line E G, in which make E F equal 
to A B, and F G equal to D. 
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2. Bisect E G in H, and with H E or H G describe 
the semiH^ircIe E I G. 

3. Frora F draw F I perpendicular to E G, cutting 
the circle in I, and I F will be mean proportional 
required. 

PROBLEM XL. 

To* find a line nearly equal to the circumference 

of its circle, A B C D. 

1. Draw the diameters A B and C D at right 
angles. 

2. Produce A B, till the part A G without, be three 
quarters of the radius. 

3. Draw E F through B, parallel to C D, through G, 
and the points C and D ; draw G E and G F, cutting 
the tangent in E and F ; then E and F will be equal to 
half the circumference. 

Much after the same manner may a straight line be 
found equal to any part of a circle, as is shown at Fig 2, 



but the following method is much better for small arcs, 
as it requires less room. 

REMARK. 

If any number of divisions E I, I K, K L, L B, are 
taken on E F, and from the points I, K, L, lines are 
drawn to G, to cut the circumference i, k, /, the di* 
visions on the circle, viz. G i, i k, k l^ IB, will be 
respectively equal to their corresponding divisions, E I, I 
K, K L, L B, on the tangent line E F ; that is, to k t, 
and I E equal to i C. 

• 

PROBLEM XU. 

To find the length of any arc, A C B, of a 

circle. 

1. Draw the chord A B indefinitely towards E, and 
bisect the arc A C B at C. 

3. Make A D equal to twice the half chord AC; di- 
vide B D into three equal parts, and set one towards E ; 
then will A E be the length of the arc line A C B. 



CONIC SECTIONS. 



OF THE £L.L.IPSIS. 



DEFINITIONS. 



PLATE 5. 



1. If two pins are fixed at the points E and F, a 
string being put about them, and the ends tied to- 
gether at C ; the point C being moved round, keeping 
the string stretched, it will describe a curve called an 
Ellipsis. 

2. Foci, are the two points E and F, about which the 
string is made to revolve. 

3. TVansverse axis, is the line A B, passing through 
the foci, and terminated by the curve at A and B. 

11 



4. Centre, is the point G, bisecting the transverse axis 
AB. 

5. Conjttgate cLxis, is the line C D, bisecting the 
transverse axis at right angles, and terminated by the 



curve. 



6. Latus rectum, is a right line passing through the 
focus F, at right angles to the transverse axis terminated 
by the curve ; this is also called the Parameter. 

7. Diameter, is any line passing through the centre 
G, terminated by the curve. 

8. Conjugate diameter, is a right line drawn through 
the centre, parallel to a tangent at the extreme of the 
other diameter, and terminated by the curve. 

9. Double ordidate, is a line drawn through any diam- 
eter, parallel to a tangent at the extreme of that diameter, 
terminated by the curve. 
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PROBLEMS. 



PROBLEM I. 

The transverse and conjugate axes, A B, and C 
D, of an ellipsis being given, to find the two 
foci, from thence to describe an ellipsis. 

1. Take the semi-transverse A E, or E B, and from 
C, as a centre, describe an arc, cutting A B at F and G, 
which are the foci. 

2. Fix pins in these points, a string being stretched 
about the points F C G, then move the point round 
the fixed points F and G, keeping the string tight ; it 
will describe the ellipsis, as in the first definition. 

PROBLEM IL 

The same being given, as in the last problem, to 
describe an ellipsis, by an instrument called 
a trammel. 

The trammel, as used by artificers, is two rules, with 
a groove in each, fixed together, so that the grooves will 
be at right angles to each other ; to this, there is a rod 
with too moveable nuts, and another fixed at the end, with 
a hole through it, to hold a pencil ; on the under side of 
the sliding nuts are two round pins, made to fill the 
groove of the trammel, and are used as follows : — 

OPERATION. 

Set the distance of the first pin at B, from the pencil 
at A, to half the shortest axis, and the distance of the 
second pin at C, from A, to half the longest axis, the 
pins being put in the grooves, as is shown by the figure ; 
then move the pencil at A ; it will describe the ellipsis 
required. 

PROBLEM in. 

A diameter, A B, and a double ordinate, C D, 
to that diameter, being given, to find the 
parameter. 

1. Join A C, A D, and B C, B D ; bisect A B in H, 
through H draw H 1 parallel to D C, cutting B C in I. 

2. From A, make A F equal to H I ; through F 



draw G H parallel to C D, cutting A C in G, and A D 
in H ; then G H is the parameter sought. 

PROBLEM IV. 

To describe an ellipsis by finding points in the 
curve, having the two conjugate diameters A 
B and C D, given. 

1. Find F G half the parameter ; through G, draw 
H H parallel to A B. 

2. Draw E H parallel to C D, cutting H H, at G. 

3. Set off any number of equal divisions, from H, 
towards G ; set the same parts from E towards C. 

4. From the point B, through the points 1, 2, 3, in 
E C, draw the lines B t^ B Ar, B /. 

5. From A, through the points in A G, draw the lines 
A t, A k, A Z, intersecting the former lines in t, k, I ; 
they will be in the periphery of the ellipsis. 

PROBLEM V. 

Having a diameter, and a double ordinate to that 
diameter, to describe the ellipsis, by finding 
points in the curve. 

This problem will be completed in the same manner 
as problem Y, and as is plainly shown by the figures 2 
and 3. 



PLATE 6. 



PROBLEM VI. 

To describe an ellipsis, or any segment of an 
ellipsis, having a diameter and a double ordi* 
nate, by means of points being found in the 
curve, without finding the parameter. 

Let A B be the diameter or double ordinate, let C D 
be its conjugate, and let E D be the height of the seg- 
ment. 

L Through D draw F G parallel to A B ; also through 
the points A and B, draw A F, and B G, parallel to D 
E, cutting F G in F and G. 

2. Divide A E and E B into a like number of equal 
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parts, as four ) likewise B G, and A F, into the same 
number of equal parts. 

3. From the point D, through the points, 1, 2, 3, in 
A F, and B G, draw 1 D, 2 D, 3 D. 

4. From the point C, through the points, 1, 2, 3, in 
A B, draw C a, C 6, C c; cuttiug the lines ID, 2D, 
3 D, in o, 6, c, they will be in the periphery of the elh'p- 
sis ; a curye being traced through these points, will form 
the ellipsis required. 

But if the curve is very large, as in practical works, 
the best way is to put in nails or pins at the points, a, i, 
c, <fec., bend a slip round them, and draw a curve by it ; 
it will appear quite regular. 

PROBLEM Vn. 

To draw the representation of an ellipsis, with 
a compass to any length, A B, and width, C 
U. 

1. Draw B P parallel and equal to E C, and bisect it 
at 1, thdn draw 1 C and P D, cutting each other at K ; 
bisect K C by a perpendicular, meeting C D at O ; and 
on O, with the radius O C, describe the quadrant C G 

a. 

2. Through Q and A, draw Q G, cutting the quadrant 
at G ; then draw G O, cutting A B at M ; make E L 
equal to E M; also E N equal to E O. From O, 
through M and L, draw O G, and O K ; likewise from 
N, through M and L, draw N H and N I ; then M, L, 
N, O, are the four centres : by help of these, the four 
opposite sectors will be described. 

• 
Fig. 2. To describe an ellipsis more accurately with a 
4iompass than the foregoing^ having the two axes A 
B and C D given, 

1. Draw A 3 parallel and equal to E C, divide it into 
three equal parts, and draw 2 C and 1 C ; then divide 
A E also into three equal parts, and from D, through the 
points 1, 2, in A E, draw D CI, and D P, cutting the 
lines 1 C and 2 C, in Q and P. 

1. Bisect C P by a perpendicular, meeting C D pro- 
duced at S, join P S, cutting A E at X ; then make E 
W equal to E X, and E U equal to E S ; and through 
X and W, draw P S and O S ; also through the same 
points X and W, draw U K and U L. 

3. Bisect P Q by a perpendicular, meeting P S at F ; 



• 

draw Z F parallel to A B ; then with the radius F Q, 
describe the arc Q Z, cutting F Z at Z ; through Z and 
A draw Z y, cutting the arc Z Q at y ; and join y F, 
cutting A B at V. On X, make 'X I equal to X F ; 
with the same radius on W, make W H, and W G ; 
through V, draw I R, make E T equal to E V, through 
T draw H Mand G N; then U, S, G, H, 1, F, T, V, 
are the centres. 



PROBLEM Vm. 

Having the two axes, or any other conjugate 
diameters, A B and C D, given, to describe 
an ellipsis through points, at the extremes of 
any diameters taken at pleasure. 

1. Through D, draw P CI, parallel to A B from D ; 
draw D F perpendicular to P CI, and make it equal to 
E B, or E A ; upon F, with the distance F D, describe 
the circle n D A:. 

2. Through the centre E, draw the line P E N, ^ E 
M, ^ E L, &c. at pleasure, cutting the tangent P Q, at 
P, /, 5, (fcc. Join P F, ^ F, 5 F, <fcc., cutting the circle 
n D A:, at the points m n /, &c. ; Hkewise join E F, if 
necessary, and draw n N, w M, Z L, 4&c. parallel to it, 
cutting the diameters N N, M M, L L, <fcc. at N, M, 
L, Sec. ; then these points will be in the periphery of the 
ellipsis. If the diameters are produced to the oppo- 
site sides, at N, M, L, and the distances E N, E M, 
E L, &c. are made respectively to their corresponding 
opposite distances, E N, E M, and E L, <fec., then the 
points N M L, on the under side of the diameter A B, 
will also be in the curve. 



PROBLEM IX. 

To draw an ellipsis by ordinates, having the 
axes, or any other conjugate diameters, A B, 
and C D, given. , 

1. From E, the centre, draw E F perpendicular to 
C D. Upon E, with the radius E C, describe the quad- 
rant C F ; divide E F into any number of equal parts, 
as four ; from these points draw 1 a, 2 6, 3 c, parallel 
to E C, cutting the quadrant at a, 6, and c. 

2. Divide E A, and E B, each in the same number 
of equal parts ; through the points 1, 2, 3, &c. draw 
a a, 6 6, c c, &c. parallel to C D. 
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3. Make the distances 1 a, 2 b, 3 c, &c. equal to (heir 
correr^poDciing distances, 1 a,2 b, on the quadrant ; then 
the points a, b, c, &c. will be all in the periphery of the 
ellipsis. 

PROBLEM X. 

Au ellipsis, A B C D, being given, to find 
the transverse and conjugate axes. 

4 

1. Draw any two parallel lines A B, and C D, cutting 
the ellipsis at the points A, B, C, D ; bisect them in e 
and/. 

2. Through -e and /draw G H, cutting the ellipsis at 
G and H ; bisect G H) at 1 ; it will give the centre. 

3. Upon I, with any radius, describe a circle, cutting 
the ellipsis in the four points, /c, /, m, n. 

4. Join k /, and mn ; bisect k /, or m n, at o or p. 

6. Through the points o I, or I p, draw Q R, cutting 
the ellipsis at Q and R ; then Q R will be the transverse 
axis. 

6. Through I, draw T S parallel to A* /, cutting the 
ellipsis at T and S, and T S will be the conjugate axis. 



PLATE 7 



PROBLEM XL 

Any diameter, A B, being given, and an ordi- 
nate, C D, to find its conjugate, without 
drawing any part of the ellipsis. 

1. Draw C I perpendicular to A B ; bisect A B in 
F, and draw F H parallel to C D. 

2. On F, with the distance F A, or F B, describe 
the semi-circle A I B, cutting C I at L 

3. Make A E equal to C- 1 ; draw E G parallel and 
equal to C D ; through G and A, draw A H, cutting F 
H at H ; then F H is the semi-conjugate. 

Much after the same manner, if two conjugate diaine- 



II 



ters are given, an ordinate may be found without drawing 
any part of the ellipsis. 

PROBLEM Xn. 

Any two conjugate diameters, A B and C D, 
being given, and a right line, G H, passing 
through the centre, F, to find a diameter 
which will be conjugate to G H, without 
drawing any part of the ellipsis. 

1. Through D, draw E K parallel to A B, and pro- 
dace the given line H G, to cut the tangent in E. 

2. From D, make D I perpendicular to E F, and 
equal to F A, or F B. 

3. Join E I ; from I, draw I K perpendicular to I E, 
cutting the tangent E K, at K ; through the centre F, 
draw F K. 

4. Through the points g, and m, where the lines E I, 
and I K, cut the circle ; draw g G, and m M,, parallel 
to I F, cutting E F, and K F, at the points G and M ; 
make F H equal to F G, and F L equal to F M ; then 
M L and G H will be the two other conjugate diame- 
ters. 

PROBLEltf XIII. 

Any two conjugate diameters, A B and C D, 
being given, to find the two axes, firom thence 
to describe the ellipsis. 

1. Through D, draw E F, parallel to A B ; draw D 
I perpendicular to E F, and equal to M A, or M 3. 

2. Upon I, with the radius 1 D, describe the arc gTM. 

3. Join I M, and bisect it by a perpendicular, meeting 
the tangent E F at N. 

4. On N, as a centre, with the distance N T, describe 
a semi-circle E I F, cutting E F at the points E and F. 

5. Through the centre M, draw F K, and E H. 

6. Join I E, and I F, cutting the arc g- D /, at g^ 
and L 

7. Draw / L, and g G, parallel to I M, cutting K F 
and H E, at G and L : make M K equal to M L, and 
M H equal to M G, then E H and K L will be the two 
axes required. 
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PROBLEM XIV. 

An ellipsis, A D B C, being given, to draw a 
tangent through a given point H, in the curve. 

1. Find the fi^ci F and G, join F H and G H. 

2. Produce C G H to I, upon H, with any radius, 
describe the arc K L I, cutting G I, and F H, at K 
and I. 

3. Bisect the arc K L I, at L ; through L and H 
draw L H; it will be the tangent required. 



PROBLEM XV. 

« 

To draw two tangents to an ellipsis from a given 
point E, without jt, having any two conjugate 
diameters, A B^ and C D, given, without 
drawing any part of the ellipsis. 

1. Let the point E be in the diameter D C, pro- 
duced. 

2. From the centre H, make H I equal to H C, and 
join I E. 

3. Through C draw C K parallel to I E, cutting H 
BinK. 

4. Make H L equal to H K, through L draw F G 
parallel to A B, find tlie extreme points F and G of the 
ordinate P G, by Problem XI. From E, through the 
points F and G, draw E F and E G ; they will be the 
tangents required. 

If the point E, is in neither of the given diameters A 
B, or C D, when produced ; draw a line from the given 
point E, through the centre ; by Problem XII, find a 
conjugate to that line, and the extremities of both, then 
the construction will be the same as in this. 



PROBLEM XVL 

To describe an ellipsis similar to a given one, A 
D B C, to any given length, I K, or to a given 
width M L. 

1. Let A B, and C D, be the two axes of the given 
ellipsis. 

2. Through the points of contact A, D, B, C, com- 
plete the rectangle G E H F, draw the diagonals E F, 
and G H, they will pass through the centre at R. 

12 



3. Through I and K, draw P N, and O d, parallel to 
G D, cutting the diagonals E F, and G H, at P, N, 
Q, O. 

4. Join P O, and N d, cutting C D at L, and M, 
then I K is the transverse, M L the conjugate axis of 
an ellipsis that will be similar to the given one, A D B 
C, which may be described by some of the foregoing 
methods. 



PLATE 8. 



PROBLEM XVn. 

Given the rectangle, A B C D, to circumscribe 
an ellipsis, which shall have its two axes in 
the same ratio as the sides of the rectangle. 

1. Draw the diagonals A C, and B D, cutting each 
other at S, the centre. 

2. Through S, draw E F, and G H, parallel to A B 
and A D. 

3. Upon S, with a radius S I, equal to half A D, 
or B C, describe the quadrant I K L, cutting E F 
at L. 

4. Bisect the arc I K L, at K ; through K, draw M 
N parallel to E F, cutting the diagonal B D, at N. 

5. Join I N ; through B, draw B G, parallel to it, 
cutting G H at G, and make S H equal to S G. 

6. Join N O ; through B, draw B F, parallel to it, 
cuuing E F, at F ; make S E equal to S F, then E F, 
and G H, are the two axes which may be described by 
some of the methods which are shown in the foregoing 
problems. 

PROBLEM XVIII. 

Given the trapezium, A B C D, and a point E, 
in one of the sides, to find a point in each of 
the other sides, so that if an ellipsis was to 
be inscribed, it would touch the trapezium in 
these points. 

1. Produce the sides of the trapezium, till they meet 
at K and L. 
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2. Draw the diagonals A G, and B D, cutting each 
other at F ; produce B D, till it cut K L at M. 

3. Through F, and the given point E, draw E G, 
cutting'B C at G. 

4. From M, through the points E, and G, draw M H 
and M G, cutting the'Other two sides in the points I 
and H, then E, H,' G, I, will be the four points re- 
quired. 

PROBLEM XIX. 

A trapezium, A B C D, being given, and a 
point £, in one of the sides, to find the centre 
of an ellipsis that may be described in the 
trapezium, and pass through the point of 
contact E, without drawing any part of the 
ellipsis. 

1. Find the points of contact H, G, I, E, as in the 
last problem. 

2. Join the points G, and E, by the right line G E ; 
bisect it in M, and from K, where the opposite sides A 
D, and B C, meet, and through the point M, draw K M 
indefinitely. 

3. Also join any other two points of contact, as H I ; 
bisect H I, at N, from L, where the opposite sides B A 
and C D meet ; draw L N, meeting K M, at P, then P 
will be the centre of .the ellipsis required. 

And in like manner, if the points G, and H, were 
joined, and bisected at Q,, and a line being drawn from 
B, where the opposite 'Sides A B, and C D, meet through 
Q, it would also meaC in P, the centre, &c. 

. PROBLEM XX. . - 

Given a trapezium, A B C D, and a point E, in 



one of the sides, to find the two axes of an 
ellipsis that may be inscribed in the trapezium 
and pass through the point E, without draw- 
ing any part of the ellipsis. 

1. Find the opposite points of contact, H, E, F, G, 
by Probiem XVIII. 

2. From thence, find the centre P, by the last prob- 
lem. 

w 

3. From E, and through the centre P, draw E M, 
making P M equal to P E. 

4. Through H, or any other point of contact, draw 
H K, parallel to D C, cutting E G at K ; then K H is 
an kdinate to the diameter E M. 

5. Through P, the centre, draw P R parallel to 
HK. 

6. Find the extrerpities R an4jS> of the diameter R 
S, by Problem XI. 

7. The conjugate diameters E M, and R S, being 
now found, then find the two axes Y W, and X Y, by 
Problem XIII. 



PROBLEM XXI. 

To find the centre and transverse axis of an 
ellipsis by means of a square and rule. 

1. Apply the square A B, Problem XXI. 

2. Place the ellipsis tangical to A B, at pleasure. 

3. Draw lines D, touching the opposite sides of the 
ellipsis. 

4. Draw lines E F, intersecting the ellipsis ; and C is 
the centre and E F the transverse axis required. Also 
E*P is equal added together, in whatever direction the 
ellipsis may be applied to the square and rule. 



ri.i 






Befinilians. of lhep«raliolJt. 




i# 


A :' 


4 

c ■* 


111 ri 



T'K'.Z. 



Of (he HjT)erbola , 




s 



J 



1 



PRACTICAL GBOMETRT. 



47 



OF THE PARABOLA. 



DEFINITIONS. 



PLATE 9. 



1. If a thread, equal m length to B G, be fixed at C, 
the end of a square, ABC, and the other end fixed at 
F ; and if the side A B, of the square be moved along 
the right line A D, and if the point E, be always kept 
close to the edge B C, of the square, keeping the string 
tight, the point or pin E, will describe a curve E G I 
H, called a parabola. 

2. Focus is the fixed point F, about which the string 
revolves. 

3. Directrix is the line A D, which the side of the 
square moves along. 



4. Axis is the line L K, drawn through the focus F, 
perpendicular to the directrix. 

6. Vertex is the point I, where the line L K cuts the 
curve. 

6. Latus rectum or parameter, is the line O H, pass- 
ing through the focus F, at right angles to the axis I E, 
and terminated by the curve. 

7. Diameter is any line M N, drawn parallel to the 
axis I K. 

8. Double ordinate is a right line R S, drawn parallel 
to a tangent at M, the extreme of the diameter M N, 
terminated by the curve. 

9. Abscissa is that part of a diameter contained be- 
tween the curve and its ordinate, as M N. 



PROBLEMS. 



PROBLEM L 

To describe a parabola by finding points in 
the curve, the axis A B, or any diameter be- 
ing given, and a double ordinate C D. 

1. Through A, draw E P parallel to D. 

2. Through C and D, draw D F and C E parallel to 
A B, cutting E F at E and F. 

3. Divide B C and B D, each into any number of 
equal parts, as four. 

4. Likewise divide C E and D F into the same num- 
ber of equal parts, viz. four. 

5. Through the points, 1, 2, 3, &c. in C D, draw the 
lines 1 a, 2 6, 3 c, &c. parallel to C D. 

6. Also through the points, 1, 2, 3, in C E and D F, 
draw the lines 1 A, 2 A, 3 A, cutting the parallel lines at 
the points a, 6, c, then the points a, 6, c, are in the 
curve of the parabola. 



no. 2. 



Another Method. 



1. Join A C and A D ; from A make A E equal to 
B C or B D. 

2. Through A and E, draw H I, and F 6, parallel to 
G D, cutting A C and A D in the points F and 6. 

3. Through F and O, draw F H and G I parallel to 
A B, cutting H I at the points H and L 

4. From the points H and I, take any number of 
equal divisions on the lines H F and I 6, from these 
points draw lines to A. 

6. From B, set the same divisions towards C and D. 
draw the parallel lines 1 a, 2 6, 3 c, &c. intersecting the 
former at the points a, 6, o, they will be in the curve of 
the parabola. 
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OF THE HYPERBOLA. 



DEFINITIONS. 



1. If B and C, are two fixed points, and a rule A B, 
be made moveable about the point B, a string ADC) 
being tied lo the other end of the rule, and to the point 
C, and if the point A is moved round the centre B}^ 
towards E, the angle D, of the siring A D C, b; 
keeping it always tight and close to (he edge of the 
rule, A B, will describe a curve D F H G, called an 
hyperbola. 

2. If the end of the rule at B, was made moveable 
about the point C, the string being tied from the end of 
the rule A to B, and a curve being described after the 
same manner; it would be an opposite hyperbola, 

3. Foci are the two^oints B, and C, about which the 
rule and string revolve. 

4. Transverse axis is the line I H^terminated by the 
two x^urves passing through the foci, if continued. 

' 5. Centre is the point M, in the middle of the trans- 
verse axis I H. • 

6. Conjugate axis is the line N O, passing through 
the centre M, and terminated by a circle from H, whose 
radius is M C, at N and O. 



7. Diameter is any line V W, drawn through t^e cen- 
tre M, and terminated by the opposite curves. 

8. Conjugate diameter to another^ is the line drawn 
through the centre, parallel to a tangent with either of 
the curves, at the extreme of the other diameter, termi- 
nated by the curves. 

9. Abscissa is when any diameter is contained within 
the curve, terminated by a double ordinate and the curve, 
then the part within is called the abscissa. 

10. Double ordinate is a line drawn through any diam- 
eter, parallel to its conjugate, and terminated by the curve. 

11. Parameter ^oxlatus rectum^ isa linedrawn through 
the focus, perpendicular to the transverse axis, and ter- 
minated by the curve. 

12. Asymptotes are two right lines drawn from the 
centre M, and th^ points R'S,* which are parallel to the 
conjugate axis ^'d, and drawn through the end of the 
transverse.a!3^ I H ; H R, and H S being equal to M 
N or ?M['0, then M X, and M Y, are asymptotes. 

13. Equilateral or right angled hyperbola is when 
its transverse or conjugate axes are equal. 



PROBLEMS. 



PLATE 10. 



PROBLEM L 

To describe an hyperbola by finding points in 
the curve, having the diameter, or axis A B, 
its abscissa B C, and double ordinate D E. 

1. Through B draw G F parallel to D E ; from D 
and E draw D G and E F parallel to B C, cuttiqg G F 
in F and G. 

2. Divide C D and C E, each into any number of 
equal parts, as four : through the points of division 1, 2, 
3, draw lines to A. 



3. Likewise divide D G and E F into the same num- 
ber of equal parts, viz. four ; from the divisions on D G 
and E F, draw lines to B, and a curve being drawn 
through the intersections at B a i c E, will be the hy- 
perbola required. 



PROBLEM n. 



Given the asymptotes A B, CD, and a point 
E, in the curve, to describe the hyperbola. 

1. Through the given point E, draw any right line E 
F, cutting the asymptotes in the points i and I. 
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2. Make i F equal to I E ; from F draw as many 
lines as you please, cutting the asymptotes in the points 
gi h, i, kj &c. and G, H, I, K, &c. 

3. Make Qf,llf,Kfj &c. respectively equal to g^ F, 
A F, fc F, &c. through the points/,/,/, describe a curve, 
and it is the hyperbola required. 

In the same manner may the opposite byporbola be 
described. 

PROBLEM m. 

Given the two conjugate diameters A B and C 
D, to find any number of points in the curve. 

1. Through B, draw F G, parallel to C D, make B 
F, and B G, equal to E C, or E D from E, through F, 
and G, draw E H, and E I, the asymptotes. 

2. From A, draw any lines A C, A D, A E, and A 
F, cutting the asymptotes at the points, a, a, a, &c. and 
<^j dj 6}/ &tC. Make the distances a C, a D, a E, a F, 
<fec. equal to A c, A c/, A e, and A/, (fee. then the points 
0, D, E, F, will be in the curve. 



no. 2. 



Another Method. 

1. FVom the centre E, draw E I perpendicular and 
equal to E A or E B. 

2. Join B C, take any number of points F, G, H, in 
E B, and draw F/, G g^, H A, parallel to B C, cutting 
E C at/ g, h. 

3. Through/ g. A, B C, draw/A, g I, hm,in^ &c. 
take the distance F I, and make/ A:, equal to it; then 
take G I, and make g I equal to it ; in the same man- 
ner find the points m n. And if E B and E C are pro- 
duced indefinitely beyond B, and C, and lines be drawn 
parallel to B E, as before, any number of points beyond, 
will be found in the same manner. 

PROBLEM IV. 

Given the asymptotes, and a point in the curve, 
to find two conjugate diameters. 

1. From the point B, draw B H D parallel to the 
asymptote C G. Make H D equal to HB, draw DOE, 
making C E equal to C D. Make C A equal to G B, 
then D E is the conjugate to A B. 

13 



PROBLEM V. 

To describe a conic section through five given 
points A, B, C, D, E, provided that all these 
points, are joined by right lines, and that any 
exterior or angle, formed by these lines, be 
less than two right angles. 

1. Join any four points, A, B, C, E, forming the quad- 
rilateral A B C E. 

2. Through the fifth point D, draw D/, and D g^ 
parallel to A E, and B C, meeting A B, produced both 
ways at the points/ and g, if necessary. 

3. Also, through D, draw h i, parallel to E C, meet- 
ing B C, and A E, produced at the points h and t. 

4. Divide D A, D i, and D /, D ^, into any number 
of equal parts, as six ; likewise divide D F and D G, 
into the same, viz. six. 

. 6. From the point i, and through the points 1, 2, 8, 4, 
5, in D i, draw the lines 1 E, 2 E, 3 E, 4 E, 5 E, cut- 
ting the lines B a, B 6, B c, B d, B e, and B /, at the 
points a, 6, c, d, e, draw from B, through 1, 2, 3, 4, 5, 
in D F, which are all in the curve. 

In the same manner, the points between B, and D, 
will be found, viz. by drawing lines from the points A, 
and C, through the lines D g, and D A. 

And if the lines D i, and D/, are produced, and the 
equal parts 7, 8, 9, extended upon these lines, you 
would obtain as many points g, A, t, &c. between A 
and B. 



PLATE 11. 






PROBLEM VL 

To describe a conic section to touch a right line 
A B, in a given point C, to pass through three 
other points, D, E, and F. 

1. Join D C, E C, and D E ; through F, draw F A, 
and F B, parallel to F E, and D C, cutting A B, at A 
and B. 

2. Through F, draw G H parallel to D E, and pro- 
duce the sides C D, and C E, to cut it at G and H. 

3. Divide F G and F H, F A, and F B, each into 
any number of equal parts, as four. 
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4. From C, through 1, 2, 3, in F H, draw a, C 6, 
G c, &c, 

5. From E, through 1, 2, 3, in F H, draw 1 E, 8 E, 
3 E, &c. cutting the former in the points a, 6, c, which 
are in the curve. 

In the same manner may points be found in the other 
side. 

PROBLEM Vn. 

To describe a conic section to touch two right 
lines, A fi and B C, in the points A and C, 
and to pass through a given point, D. 



1. Join the points A and C ; through D, draw D E, 
and D F parallel to B A, and B C. 

2. Through D draw G H, parallel to A C, cutting B 
A and BO, in 6 and H, and divide D G, and D H, 
D E, and D F, each into the same number of equal 
parts. 

3. From A, through the points 1, 2, 3, in D E, draw 
the lines A a, A 6, A c. 

4. From C, through the points 1, 2, 3, in D H, draw 
1 C, 2 C, 3 C, cutting the former in a, 6, c, which are 
in the curve. 

In the same manner may points be found between A 
and D. 



SECTIONS OF SOIilDS. 



OF A OTIilNDER. 



DEFINITIONS. 

1. A cylinder is a solid generated by the revolution of 
a right angled parallelogram, or rectangle, about one of 
its sides, and consequently the ends of the cylinder are 
equal circles. 

2. Axis is a right line passing from the centres of the 
two circles which form the ends of the cylinder. 

3. If a cylinder is cut by a plane, parallel to a plane 
passing through its axis, it will be cut in two parts, which 
are called segments of the cylinder. 

4. A segment of a cylinder is comprehended under 
three planes, and the curve surface of the cylinder ; two 
of these are segments of circles : the other plane is a par- 
allelogram, which is here, for distinction's sake, called 



the plane of the segment, and the circular segments are 
called the ends of the cylinder. 

5. The two sides of the parallelogram, which is paral- 
lel to the axis of the cylinder, are called the sides of the 
segment of the cylinder, and the other two sides of the 
parallelogram are chords to the ends of the cylinder. 

6. If a cylinder, or segment of a cylinder, stands upon 
one of its ends, that end on which it stands is called the 
base. 

7. If the s^ment of a cylinder is cut obliquely by a 
plane, the intersection of that plane, with the plane of the 
segment, is called the chord of the section. 

8. The section of a cylinder cut by any plane inclined 
to its axis, is an ellipsis. 

This is proved by the writers of conic sections. 
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PROBLEMS. 



PLATE 11. 



PROBLEM L 

To find the section of a semi-cylinder, cut by a 
plane at right angles to the plane A B F I, 
which passes through its axis, making a given 
angle £ F B, with either of the sides B F. 

1. Let A D B, be the circle of the base, and C its 
centre. 

2. Through the centre of the circle C, draw G D, 
parallel to F B, cuttiog the circle of the base in D, and 
E F at G ; from G, draw G H perpendicular to E F ; 
make G H equal to C D, then E F is the transverse 
axis, and G H the semi-conjugate. 

Or it may be described by ordinates, as in Fig. 2, ta- 
ken from the base and transferred to the section, as the 
figures direct. 

In the same manner may any segment be found, viz. 
by drawing lines parallel to the sides of the plane of the 
segment, till it cut the chords of the section ; from these 
points, draw perpendiculars to the chord, make their sev- 
eral lengths from the chord equal to those of the base 
corresponding to them ; a curve line being drawn through 
these points, will be the true section of the segment re- 
quired, as is plainly shown by Fig. 3. 

PROBLEaM n. 

To find the two axes of the section of a semi- 
cylinder cut by a plane, making a given an- 
gle ABC, with the plane E F G H, passing 
through its axis ; also in a given direction K 1 
with the side K F. 

1. Let E SI F, be the circle of the base and L its 
centre. 

2. From the angular point B, of the given angle A B 
C, draw B D perpendicular to B A, and equal to L E 
or L F, the radius of the base ; draw D C, parallel to 
B A, cutting B C at C. 



3. Draw Q R, at the distance D C, parallel to I K ; 
through the centre of the circle L, draw O M parallel to 
K F, cutting the circle of the base at M, and IK, at O ; 
through the point O, draw P parallel to E F, cutting 
Gl R, at P ; also through M, draw M N parallel to E F, 
from P draw P S perpendicular to d R, and P N paral- 
lel to O M, cutting M N, at N ; join L N, cutting the 
circle at Z ; make U S equal to B C, and join O S upon 
O S ; from O, make O V equal to L Z, then O V is the 
semi-conjugate axis. 

4. Through O, draw W X perpendicular to O S ; 
draw L T perpendicular to L N, cutting the circle of the 
base at T ; from T, draw T Y parallel to L N, cutting 
the base F E, produced at Y ; from Y, draw Y a parallel 
to O M, cutting K I produced at a; from a, draw a 
W parallel to O S, cutting W X, at W ; making O X 
equal to O W, then W X is the transverse axis. 



PROBLEM m. 

To find the section of a segment of a cylinder, 
by ordinates cut by a plane through a given 
line 1 E, in the plane of a segment, making 
a given angle, ABC, at 1 E, with the plane 
EFEI. 

1. Draw the tangent Z M, parallel to E F, and draw 
O M paraUel to K F, cutting the tangent at M, and I E 
at O. 

2. Take the distance L M, and make B D, perpen- 
dicular to the angular point B, of the given[angle ABC, 
equal to it ; proceed as in the last problem, find O T, 
and L Z. 

3. Draw any number of lines a a, b b, cc^ &c. par- 
allel to O L, cutting the lines I K, and E F, at the points 
a, 5, c, 6cc. 

4. From the points a, b, c, d&c. in I K, draw lines a 
1, 6 2, c 3, &c. parallel to O V. 

5. Through the points a, 6, c, in E F, draw lines a 1, 
5 2, c 3, &c. parallel to L Z, cutting the arc line of the 
base at 1, 2, 3, &c. 

6. Make all the distances a 1, 5 2, c 3, <fcc. from I E, 
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equal to all their corresponding distances a 1, & 2, c 3, 
&c. on the base. 

7. A curve line being traced through these points, I 
W K will be the section required. 



In the same manner the section of any irregular fig- 
ure may be found, as is plainly shown by Fio. 2. 

Fig. 3, shows how to find the section when the angle 
A B C, is oblique. 



OF A CONE. 



DEFINITIONS. 



1. A cone is a solid figure standing upon a circular 
base, diminishing to a point at the top, called its vertex, 
in such a manner, that if a straight line be applied from 
the vertex round the circle of the base, it shall coincide 
everywhere with the curve surface of the cone. 

2. A right line passing through the cone, from the ver- 
tex to the centre of the circle at the base, is called the axis. 

3. If a cone be cut by a plane, not parallel to its base, 
passing quite through the curve surface, the figure is an 
ellipsis. 



4. If a cone be cut by a plane, parallel to a plane toucR- 
ing the curve surface, the section is a parabola. 

5. If a cone be cut by a plane, parallel to any plane 
within the cone that passes through its vertex, then the 
figure is an hyperbola. 

These three last definitions are proved by the wri- 
ters of conic sections* 

Note. The cone in the following problem, is sup* 
posed to be an upright one. 



PROBLEM. 



PLATE 12. 



PROBLEM I. 

To describe the conic section from the cone. 

Note^ A D N t^ a section of the plane, passing 
through its axis at right angles with the sections of the 
ellipsis, parabola, or hyperbola. 

FOa THE ELLIPSIS. 

1. Let G H be its transverse axis in the plane A D N ; 
bisect it at K ; tl^ough K, draw R d parallel to A D. 

2. Bisect Q R, at M, with the radius M R or M d, 
describe the semin^ircle R P CI. 

3. From K, draw E H, perpendicular to d R, cut- 
ting the circle at H : then K H is the semi-conjugate 
axis, from which the ellipsis may be described as at No. 1. 



FOR THE PARABOLA. 



1. Let S E be the axis of the parabola, parallel to the 
other side, N D. 

2. From E, draw E C at right angles to A D, the 
base, cutting the semi-circle at C : then E C is an ordi- 
nate or half the base of the parabola, which may be de- 
scribed at No. 2. 

FOR THE HYPERBOLA. 

1. Let I F be the height of the hyperbola, produce it 
till it cut the opposite side A N, produced at L, then F 
L is the transverse axis.' 

2. From I, draw I B at right angles to A D : then I 
B is half the base, which may be described as at Na 3. 

Note. The letters are made to correspond at No. 1, 
2, and 3, with those of the cone from where they are taken. 



sK*"n«>.\s (IF sin. ins. 




IS.' 




PRACTICAL OEOMETRT. 



53 



OF A GLOBE. 



DEFINITIONS. 



A globe is a solid figure, aad may be supposed to 
be generated by the revolution of a semi-circle about its 
diameter, which becomes the axis of the ^obe, and the 
centre of the semi-circle is the centre of the globe. 

Corollary 1. Hence all right lines drawn from the 
centre to the circumference of a globe, are equal to one 
another, for the semi-circle touches the surface of the 
globe in every point as it revolves round. 

Corollary 2. The section of a globe by a plane 



passing through its centre, is a circle, whose diameter 
is equal to the diameter of the generating semi-circle. 

Corollary 3. Every section of a globe cut by a 
plane, is a circle, for all the lines drawn from the centre 
to its surface, are equal, consequently the generating 
semi-circle may revolve round any line, as an axis, there- 
fore every point in the semi-circle will generate a circle. 

Corollary 4. If a semi-globe is cut at right angles to 
the plane of its base, the section is a semi-circle. 



PROBLEMS- 



PLATE 12. 



PROBLEM I. 

To find the section of a semi-globe at right an- 
gles to the plane A B D, through its centre, 
and pass through the line A fi in that plane. 

Bisect A B in D ; on D, as a centre, with the radius D 
A, or D B, describe the semi-circle A E B, and it will 
be the section required. 

PROBLEM IL 

Given two segments of circles ABC, and D E 
F, equal or unequal, having their two chords A 
C, and D F, equal to each other, and the seg- 
ment ABC, being placed upon D F, so that 
A C shall coincide with D F, and the segment 
A B C, at right angles to D E F, to find the 
radius of a globe, so that the arc lines ABC, 
and D E F, shall be in its surface when the 
two segments are placed in the above posi- 
tion. 

1. Make a rectangle A D F C, so that the opposite 
14 



sides A C, and D F, will be the bases of the segments 
A B C, and D E F. 

2. Find the centres G and H, of these segments. 

3. Through H, draw I K parallel to G F, and com- 
plete the semi-circle I D E F K. 

4. Through G or H draw H L parallel to G F, cut- 
cing A C and I E, at L and H ; make H M equal to L 
G, join M K or M I, and it will be the radius required. 

If upon E, as a centre, with the distance M I, or M 
K, a segment INK, is described, it will be part of the 
greatest circle that can be drawn in the globe. 

PROBLEM III. 

A figure being generated by the revolution of a 
plain figure, having two perpendicular legs, 
and the other side being irregular, or straight, 
or a curve line of any kind ; the figure being 
made to revolve about one of its perpendicu- 
lar legs. To find the figure of the section, 
cut anywhere across the base, and right an- 
gles to the plane of the base, having that sec- 
tion which passes through the axis given. 

1. Let A F E G B be the circle of the base, and let 
the section required be cut across F G ; also let A B C 
be a section of the solid passing through the axis. 
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2. From the centre O, draw the concentric circles 
H A, I i, E A:, L Z, to cut A B, in the points H, I, K, L, 
and F G, in the points A, i, k, I 

3. Erect perpendiculars to the lines A B and F G, 
both ways from these points, to cut A C in H, I, K, L. 

4 Make the distances h h,ii, k k^l Ij equal to their 
corresponding distances H H, 1 1, K E, L L ; a curve 



being drawn through these points, it will be the section 
required. 

If the given section is triangle, the section is an up- 
right hyperbola. 

If the given section is a semi-circle, the required sec- 
tion wiU also be a serai-circle; these appear plain by 
the figures, and in this case there is no tracing required. 



OF A SPHEROID, 



DEFINITIONS. 



1. A spheroid is a solid, generated by the rotation of 
a semi-ellipsis about the transverse or conjugate axis, 
and the centre of the ellipsis is the centre of the spheroid. 

2. The line about which the ellipsis revolves, is called 
the axis. 

3. If the spheroid is generated about the conjugate 
axis of the semi-ellipsis, then it is called a prolate 
spheroid. 

4. If the spheroid is generated by the semi-ellipsis 
about the transverse axis, then it is called an oblate 
spheroid. 

PROPOSITION L 

Every section of a spheroid is an ellipsis, except when 
it is perpendicular to that axis about which it is gene- 
rated, in which case it is a circle. 



PROPOSITION n. 



All sections of a spheroid parallel to each other, are 



similar figures. 



PROPOSITION in. 



If a semi-spheroid is cut by a plane at right angles 
to the base,* then the section is a serai-ellipsis, and ihe 
intersection with the base will be one of its axes ; and if 
a line is drawn perpendicular from the middle of that 
intersection to the base of the spheroid, to cut its surface, 
that line will be half the other axis, whether transverse 
or conjugate. 



* It \b here meant that the base is a section made by a plane, pass- 
ing through the centre of the spheroid,- at right angles to the transverse 
or conjugate axis of the spheroid. 



PLATE 13. 



PROBLEMS. 



PROBLEM I. 

Given the base A D B C, which is a sect on' 
through the longest axis of an oblong sphe- 
roid to find the form of the section, by cutting 
the base through the line E F, at right angles 
to its plane. 

1. Let A B be the transverse, and C D the conjugate 



axis of the base ; through the centre G, draw H I paral- 
lel to the given direction E F, cutting the ellipsis at the 
points H and L 

2. Produce E F towards K, make Q K equal to O H 
or G I ; and erect the perpendicular K M. 

3. Make K M equal to C G or G D, and bisect E F 
at Q, and draw M d. Erect the perpendicular F P, 
cutting M d at the point P, through d, draw d R paral- 
lel and equal to K M, then d R will be the semi-conju- 
gate, and E F the transverse axis of the section required, 
from which, the ellipsis may be described by any of the 
foregoing methods. 
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PROBLEM n. 

To find the length of any arc A B C, of a cir- 
cle mechanically, very near; or to transfer 
the same on the circumference of another 
circle F G H, of a different radius, from a 
given point F. 

1. Take your compass at any small opening, begin- 
ning at A, and take the equal parts, 1, 2, 3, 4, 5, 6, on 
the arc ABO. 

2. From D, lay the same number of eqvifil parts on 



the right line D E, towards E, viz. 1, 2, 3^ 4, 5, 6, 
and from the arc ABC, take the remaining part B C, 
and place it on the right line D E, from 6 to E; 
then will the length of the right line D E, be nearly 
equal to the arc ABC, stretched out. 

In the same manner may A B C, be transferred to 
the circle F G H, viz, by taking the divisions 1, 2, 

3, 4, 6, 6, and beginning at F, with (h^ same open- 
ing of your compass, setting <^ the' divisions, 1, 2, 3, 

4, 6, 6, on the arc F G H, and transferring the part 
6 C to 6 H, as before ; then will the arc Jf G H, be 
equal to the arc A B C. 
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OF A CYCLOID OR EPICYCLOID. 



I * 



\ 



b'EFINITION. 



A cycloid or epicycloid, is a figure generated by a circle rolling alotog tbe.atraigbt edg^of a ruler, or another circle 
at rest, while a point in the circumference describes a figure on tlie plane called a cycloid or epicycloid. 



PROBLEMS. 



PLATE 13. 



PROBLEM I. 

To describe a cycloid. 

2. Let B C be the edge of a straight ruler : erect A 
D perpendicular to B C, equal to the diameter of the 
generating circle ; upon the diameter A D, describe 
a circle : through the centre at E, draw Q, R parallel to 
BC. 

2. Divide the serai-circumference D 1 2 3, &c. to A, 
into equal parts, and lay the same number of equal 
parts upon the right Une A B, from A towards B ; from 
all the divisions on A C, erect perpend culars, cutting 
Q R, at the points F, G, H, &/C. 

3. With the radius E D or E A, on the points F, G, 
H, 6cc, as centres, describe arcs 1 /, 2 ^, 3 A, 6cc, 
take the chords A 1, A 2, A 3, &c. from the semi- 



circle ; make the distance I /, 2 g^, 3 A, &c. respec- 
tively to them, then these points will be in the curve of 
the cycloid. 

PROBLEM II. 

To describe an epicycloid. 

1. Let B A C be the edge of the circle round which 
the other circle is to turn; through the centre S, 
and the point A, in the circumference, draw the right 
line S D : make A D equal to the diameter of the gene- 
rating circle. 

2. Divide the circumference D, 1, 2, 3, &c. into 
equal parts, and place them upon the arc A C, from A 
to 1, 2, 3, &c. to 8. 

3. With the radius S E, on the centre S, describe 
the arc Q, R; through the centre S, and the points 
1, 2, 3, &c. draw lines, cutting Q R at F, G, H, &c. 
and proceed in every other respect, as in the cycloid 
and you will get the curve. 
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SECTION OF PLANES. 



OF THE POSITIONS OF LINES ANL PLANES, AND THE PROPERTIES ARISING FROM THEIR INTERSECTIONS. 



DEFINITIONS. 



1. A plane is a surface in which a straight line may 
coincide in all directions. 

2. A straight line is in a plane when it has two points, 
in common with that plane. 

3. Two straight lines which cut each other in space, 
or would intersect, if produced, are in the same plane ; 
and two lines that are parallel, are also in the same plane. 



4. Three pdnte given in space, and not in a straight 
line, are necessary and sufficient for determining the 
position of a plane. Hence two planes which have three 
points common, coincide with each other. 

6. The intersection of two planes is a straight 
line. 



PROBLEM- 



PLATE 14. 



When two planes ABC D, A B F E, Fig. 1, 
intersect, they form between them a certain 
angle, which is called the inclination of the 
two planes, and which is measured by the 
angle contained by two lines ; one drawn in 
each of the planes, perpendicular to their 
line of common section. 

1. Thus, if the line A F, in the plane ABE F, be 
perpendicular to A B, and the line A D, in the plane 
A B C D, be the perpendicular also to A B, then the 
angle FAD, is the measure of the inclination of the 
planes A B E F, A B D. When the angle FAD, 
is a right angle, the two planes are perpendicular. 

2. Fig. 2. A line A B, is perpendicular to a plane 
P d, when the line A B, is perpendicular to any line B 
C, in the plane P Q, which passes through the point B, 
where the Une meets the plane. The point B is called 
the foot of the perpendicular. 



3. A line A B, Fig. 3, is parallel to a plane P Q,, 
when the line A B is parallel to another straight line C 
B, in the plane P d. 

4. If a straight line have one of its intermediate 
points in common with a plane, the whole line will be 
in the plane. 

6. Two planes are parallel to one another when they 
cannot intersect in any direction. 

6. The intersections of two parallel planes with a 
third, are parallel. Thus in Fig. 4, the lines A B, C D, 
comprehended by the parallel plane P d, R S, are par- 
allel. 

7. Any number of parallel lines, comprised between 
two parallel planes, are equal. Thus Fig. 5, the paral- 
lel lines A a, B 6, C c, . . . . , comprised by the paral- 
lel planes P d, R S, are all equal. 

8. If two planes C D E F, G H IJ, Fig. 6, are 
perpendicular to a third plane P d, their intersection 
A B, will be perpendicular to the third plane P d. 

9. If two straight lines be cut by several parallel 
planes, these straight lines will be divided in the same 
proportion. 



PRACTICAL OEOHETRT. 



5T 



GENERAL APPLICATION OF THE TREHEDRAL TO TANGENT PLANES. 



PROBLEM. 



PLATE 14. 



Given the inclination and seat of the axis of an 
oblique cylinder or cylindroid, to find the 
angle which a tangent makes at any point in 
the circumference of the base, with the plane 
of the base. 

1. Figs. 1, 3, Plate 14. Let A E B O be the base 
of the cyliader or cylindroid, C B the seat of the axis, 
and let B C D be the angle of inclination, and let O 
be the point where the tangent plane touches the curved 
surface of the solid. 

2. Draw O N a tangent line at the point O in the 
base, knd drayr O P paralllel to C B. Make the angle 
P O R equal to 6 C D, and draw P R perpendicular 
toPO. 

3. Then, if the triangle P O R be conceived to be 
revolved round the line P O, as an axis, until its plane 
becomes perpendicular to the plane of the circle A E 
B C, the straight line, O R, will, in this position, co- 
incide with the cylindrical surface, and a plane touching 
the cylinder or cylindroid at O, will pass through the 
lines N and O R. Here will now be given the two 
legs P O R, and P O N, of a right-angled trehedral to 
find the angle which the hypotenuse makes with the 
base. Draw P d perpendicular to O N, intersecting it 
in m, and draw P S perpendicular to P d. Make P S 
equal to P R, and join m S ; then P m S is the angle 
required. 

4. The hypotenuse will be easily constructed at the 
same time, thus — make m Q, equal to m S, and join O 
d, then N O d will be the hypotenuse required. 

6. In Fig. 1, the method of finding the angle which 
the tangent plane makes with the base and the hypote- 
nuse, is exhibited at four different points. In the two 
first points, O from A, in the first quadrant, the tangent 
planes make an acute angle at each point O ; but in 
the second quadrant, they make an obtuse angle at each 
point O. 

6. Fig. 2, is the second position of the construction 

15 



from the point A, for finding the angle which the 
tangent plane makes with the base, and for finding 
the hypotenuse enlarged ; in order to show a more 
convenient method by not only requiring less space, 
but less labor, it may be thus described, the two given 
legs P' O' R' and P' O' N'. 

7. Draw P' m' perpendicular to O' N', meeting O N 
in m'. In P' O', make P' v' equal to P' m' and draw 
the straight line v' K, then P' v' R' will be the inclination 
of the tangent plane at the point O. 

8. Again, in O' P' make O' t' equal to O' m' and draw 
t' W parallel to P' R'. From O', with the radius O' R', 
describe an arc meeting i' u' in u', and draw the straight 
line O' u' ; then V O' u* is the hypotenuse. 

9. For since P' S' is equal to F R' and F v' equal to 
P' m', and the angles m' P' S', and v' P' R', are right 
angles; therefore the triangle v' P' R', is equal to 
the triangle wJ P' S', and the remaining angles of the 
one, equal to the remaining angles of the other, each 
to each ; hence the angle P' v' R' is equal to the angle 
F m' S'. 

10. Again, because O' V is equal to O' m', and O' 
d' is equal to 0' R', and O' u' is also equal to O' R' ; 
therefore O' u' is equal to O' d', and since the an- 
gles O' V u' and O' m' d' are each a right angle, 
therefore the two right angled triangles, have their hy- 
potenuses equal to each other, and have also one leg in 
each, equal to each other ; therefore the remaining side 
of the one triangle is equal to the remaining side of 
the other, and therefore also the angles which are op- 
posite to the equal sides are equal ; hence the angle 
P' O' u\ is equal to N' O' d'. 

11. By considering this construction by the transpo- 
sition of the triangles, the whole of the angles which 
the tangent planes make at a series of points 0, in fig- 
ures 1 and 3, their hypotenuses may be all found in one 
diagram, as in Fig. 4. 

12J Thus, in Fig. 4, if the angles AGO, A CO, 
A C O", A C O'", be respectively equal to A C O, 
A C O', A C 0", A C O'", Fig. 1, and in Fig. 4, 
the semi-circle A O' B, be described, and if C D be 
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drawn perpendicular to A B, and the angles CAD, 
C B D, be made equal to B C D, Fig. 1 ; then each 
half of Fig. 4, being constructed as in Fig. 2; the 
angles at m m! m" m'"^ will be respectively equal to 
the angles P w S, P' ml S', ft" m" S", tt" ml" S", in 
Fig. 1. 

Also, in Fig. 4, the angles C A E, C A g^, C A A, 
C B i, C B *r, C B F will be the hypotenuses at the 
points A, O, O', 0", O'", B, in Fig. 1. 



1 



We may here observe, Fig. 1, that the angles which 
the tangent planes make with the plane of the base 
in the first quadrant are acute ; and those in the sec- 
ond quadrant are obtuse ; and those in the second 
quadrant are the supplements of the angles P m S ; 
and moreover, that all the angles which constitute the 
hypotenuses of the trehedral, are all acute, whether 
in the first quadrant or the second quadrant of the semi- 
circle A O B. 



SECTIONS 

ON THE PROJECTION OF A STRAIGHT LINE BENT tJPON A CYLINDRIC SURFACE, AND THE METHOD OF 

DRAWING A TANGENT TO SUCH A PROJECTION. 



PLATE 14. 



PROBLEM L 

Given the developement of the surface of the 
semi-cylinder, and a straight line in the de- 
velopement, to find the projection of the 
straight line on a plane passing through the 
axis of the cylinder, supposing the devel- 
opement to encase the semi-cylindric surface. 

Fig. 5. Let A B C be the developement of the 
cylindric surface, B C being the developement of the 
semi-circumference, and let A C be the straight line given. 

Produce C B to D, making B D equal to the diame- 
ter of the cylinder. On B D, as a diameter, de- 
scribe the semi-circle BED, and divide the semi- 
circular arc BED, into any number of equal parts, 
at 1, 2, 3, &c. and its developement B C, into 
the same number of equal parts, at the points /, g^ A, 
&c. Draw the straight lines f k^g l^hm,^ &c. paral- 
lel to B A, meeting A C at the points A:, /, m, <S&c. 
also parallel to B A, draw the straight lines 1 o; 2 p, 
3 q, &c. and draw k o, Ip, m q, &c. parallel to C D ; 
and the points o, p, q, &c. are the projections or seats 
of the points k, I, m, &c. in the developement of the 
straight line A C. 

The projection of a screw is found by this meth- 
od : B D may be considered as the diameter of the 
cylinder from which the bcrew is formed; and the 



angle BAG, the inclination of the thread, with a 
straight line on the surface ; or B C A the inclination 
of the thread with the end of the cylinder. The same 
principle also applies to the delineations of the hand- 
rails of stairs, and in the construction of bevel bridges, 
of which we shall treat in a subsequent part of this 
work. 

PROBLEM U. 

Given the entire projection of a helix or screw, 
in the surface of a semi-cylinder, and the 
projection of a circle in that surface perpen- 
dicular to the axis, upon the plane passing 
through the axis, to draw a tangent to the 
curve at a given point. 

Fig. 6. Let B P K be the projection of the helix 
or screw, and B A the projection of the circumfer- 
ence of a circle, and since this circle is in a plane, 
perpendicular to the plane of projection, it will be 
projected into a straight line A B, equal to the diameter 
of the cylinder. 

On A B as a diameter, describe the semi-circle 
A r B, and draw P r perpendicular to, and inter- 
secting A. B in q, join the points e, r, and produce e 
r to/. 

Produce A B to C, so that B C may be equal to 
the semicircular arc B r A. Draw C D perpendic- 
ular to B C, and make C D equal to A K, and draw 
the straight line B D ; then B D will be the develope- 
ment of the curve line B P K. 
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Draw P u parallel to A C, meeting B D in ti, and 
dfaw u t perpendicular to B C. Draw r g perpen- 
dicular to e r, and make r g equal to B t Draw g n 
perpendicular to A C, meeting B C in n, and draw 
the straight line n P ; then n P will touch the curve at 
the point P. 



Or the tangent may be drawn independent of B C D, 
[ thus : Draw P r perpendicular to A B, and r ^ a tan- 
gent at r. Make r g equal to the developement of r 
B, and draw g n perpendicular to B C, meeting B C 
in n, and join n P, which is the tangent required. 



PRELIMINARY PRINCIPLES OF PROJECTION. 



PROBLEM. 



PLATE 15. 



If from a point A', Fio. 1, in space, a perpendicular A^ 
a, be let fall to any plane P d whatever, the foot a of 
this perpendicular is called the projection of the point A' 
upon the plane P Q. 

If through different points A', B', C', DV-Fios. 2, 
3, 4, of any line A', B', C, D', .... whatever in space, 

perpendiculars A' a, B' 6, C c, D' rf, be let fall 

upon any plane P Q, whatever, and if through a, 6, c, d, 

the projections of the points A', B', C, D', in 

the plane P CI, a line be drawn, the line thus drawn will be 
the projection of the line A' B' C D' . . . . given in space. 

If the line A' B' C D' . . . . Fig. 3, be straight, the 
projection a & c c2 .... will also be a straight line; and 
if the line A' B' C' D' . . . . Fig. 2, be a curve not in 
plane perpendicular to the plane P Q^ the curve abed 
.... which is the projection of the curve A' B' C' D', 
.... in space, will be of the same species with the origi- 
nal curve, of which it is the projection. Hence, in this 
case, if the original curve A' B' C' D' . . . . be an el- 
lipse, a parabola, a hyperbola, &c. the projection abed 
.... will be an ellipse, a parabola, an hyperbola, &c. 
The circle and the ellipse being of the same species, the 
projected curve may be a circle or ellipse, whether the 
original be a circle or ellipse, as in Fig. 4. 

The plane in which the projection of any point, line, 
or plane figure is situated, is called the plane of projec- 
tion, and the point or line to be projected is called the 
primative. 



The projection of a curve will be a straight line when 
the curve to be projected is in a plane perpendicular to 
the plane of projection. Hence the projec^tion of a plane 
curve is a straight line. , 

If a curve be situated in a plane which is parallel to 
the plane of projection, the projection of the curve will 
be another curve equal and similar to the curve of which 
it is the projection. 

The projection upon a plane of any curve of double 
curvature whatever, is always a curve line. 

In order to fix the position and form of any line what- 
ever in space, the position of the line is given to each of 
two planes, which are perpendicular to each other ; the 
one is called the horizontal plane, and the other the verti- 
cal plane ; the projection of the line in question is made 
on each of these two planes, and the two projections 
are called the two projections of the line to be projected. 

Thus we fee in Fig. 6, where the parallelogram U V 
VV X, represents the horizontal plane, and the parallelo- 
gram U V Y Z, represents the vertical plane, the pro- 
jection a 6 of the line A^ A^ in space upon the horizon- 
tal plane U V W X, is called the horizontal projection, 
and the projection A B, of the same line upon the verti- 
cal plane U V Y Z, is called the vertical projection. 

The two planes, upon which we project any line what- 
ever, are called the planes of projection. 

The intersection U V, of the two planes of projection, 
is called the ground line. 

When we have two projections a &, A B of any line 
A B' in space, the line A' B' will be determined by 
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erecting to the planes of projection the perpendiculars a 
A', 6 B' . . . A A', B B' . . . through the projections a, 6, 

; A, B, of the original points A', B', 

of the Hne in question. For the perpendiculars a A', A 
A' erected from the projections a, A of the same point A' 
will intersect each other in space in a point A', which 
will be one of these in the line in question. It is clear 
that the other points must be found in the same manner 
as this which has now been done. 

When we have obtained the two projections of a line 
in space, whether immediately from the line itself, or by 
any other means whatever,\ve must abandon this line in 
order to consider its two projections only. Since, when 
we design a working drawing, we operate only upon the 
two projections of this line that we have brought together 
upon one plane, and we no longer see anything in space. 

However, to conceive that which we design, it is ab- 
solutely necessary to carry by thought the operations into 
space from their projections. This is the most difficult 
part that a beginner has to surmount, particularly when 
he has to consider at the same time a great number of 
lines ii^ various positions in space. 

The perpendicular A' o. Fig. 5, let fall from any point 
A whatever in space upon the plane X V of projection, 
is called the projectant of the point A' upon this plane. 
Moreover, the perpendicular distance between the point 
A' and the horizontal plane X V, is called the projectant 
upon the horizontal plane, or simply the horizontal pro- 
jectant ; and the perpendicular distance A' A between 
the original point A' and the vertical plane U Y, is called 
the projectant upon the vertical plane, or simply the ver- 
tical projection. 

We shall remark, so as to prevent any mistake, that 
the horizontal projectant A' a, is the perpendicular let 
fall from the original point upon the horizontal plane, and 
that the vertical projectant is the perpendicular let fall 
from that point upon the vertical plane. Hence the hori- 
zontal projectant is parallel to the vertical plane, and is 
equal to the distance between the original point and the 
horizontal plane ; and the vertical projectant is parallel to 
the horizontal plane, and is equal to the distance between 
the original point and the vertical plane. 

We may remark, that if through a, Fig. 6, the hori- 
zontal projection of the point A', we draw a perpendicular 
a to U V the ground line, this perpendicular a a will be 
equal tx) the measure of the vertical projectant A' A ; 
consequently the distance of the point A' to the vertical 
plane, is equal to the distance between a, its horizontal 



projection, and U V, the ground line measured in a per- 
pendicular to U T. In like manner, if through A, the 
vertical projection of the point A', we draw a perpendicr 
ular A a to U y the ground line, this perpendicular A a, 
will be equal to the measure of the horizontaFprojectant 
A a ; consequently, the distance of this point A' to the 
horizontal plane, is equal to the distance between A its 
vertical projection, and U V the ground hne measured 
in a perpendicular to U V. 

To these very important remarks we shall add one 
which is not less so. Two perpendiculars, a a, Fig. 6, 
A a, being let fall from the projections a, A ^to the same 
point A' upon the ground line U V, will meet each other 
in the same point a, of the said ground line U V. 

If we now wished the two projections of a point A', 
Fig. 6, or of any line A' B' whatever to be upon one or 
the same plane, it is sufficient to imagine the vertical 
plane U V Y Z, to turn round the ground line U V, in 
such a manner as to be the prolongation of the horizon- 
tal plane U V W X ; for it is clear that this plane will 
carry with it the vertical projection A or A B of the 
point, or of the line in question. Moreover we see, and 
it is very important, that the lines A a, B b, perpendicu- 
lar to the ground line U V, will not cease to be so in the 
motion of the plane U V Y Z ; and as the correspond- 
ing lines a a, & b, are also perpendiculars, to the ground 
line U V, it follows that the lines, a a', b 6', will be the 
respective prolongation of the lines a a, & b. 

Hence it results, when we consider objects upon a 
single plane, the projections a, A of a point A^ in space, 
are necessarily upon the same perpendicular A a to the 
ground line U V. 

It is necessary to call to mind that the distance A a, 
measures the distance from the point in space to the hor- 
izontal plane, (the point A being the vertical projection 
of this point,) and that the line a a, measures the dis- 
tance from the same point in space to the vertical plane. 

It follows, that if the point in space be upon the hor- 
izontal plane, its distance with regard to this last named 
plane will be zero or nothing, and the vertical A a will 
be zero also. Moreover, the vertical projection of this 
point will be upon the ground line at the foot a, of the 
perpendicular a a, let fall upon the ground line, from the 
horizontal projection a of this point. 

Again, if the point in space be upon the vertical plane, 
its distance, in respect of this plane, will be zero, the 
horizontal a a will be zero, and the horizontal projection 
of the point in question vnll be the foot a, of the perpen- 
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dicalar, A a, let fall upon tbe groand-line from the verti- 
cal projection A, of this point. 

In general, we suppose that the vertical projection of 
a point is above the ground-line, and that the horizontal 
projection is below ; but from what has been said, it is 
evident that if the point in space be situated below the 
horizontal line, its vertical projection will be below the 
ground-line ; for the distance from this point to the hor- 
izontal plane, cannot be taken from the base-line to the 
top, but from the top to the base with respect to its 
plane. 

So if the point in space be situated behind the vertical 
plane, its horizontal projection will be above the ground- 
line ; from which we conclude — 

1st. If the point in. question be situated above the hor- 
izontal plane, and before the vertical plane, its vertical 
projection will be above, and its horizontal projection 
below, the ground-line. 

2d. If the point be situated before the vertical plane, 
and below the horizontal [riane, the two projections will be 
above the ground-line. 

3d. If the point be situated above tbe horizontal plane, 
but behind the vertical plane, the two projections will be 
above the ground-line. 

4th. Laetly. If the point be situated above the hori- 
zontal plane, and behind the vertical plane, the vertical 
projection will be below, and the horizontal projection 
above, the ground-line. 

The reciprocals of these propositions are also true. 

If a line be parallel to one of these planes of projec- 
tion, its projection upon the other 'plane will be parallel 
to the ground-line. Thus, for example, if a line be par- 
allel to a horizontal plane, its vertical projection will be 
parallel to the ground-line ; and if it is parallel to the ver- 
tical plane, its horizontal projection will be parallel to the 
ground-line. 

Reciprocally, if one of the projections of a line be 
parallel to the ground-line, this line will be parallel to the 
plane of the other projection. Thus, for example, if the 
vertical projection of a line be parallel to the ground- 
line, this line will be parallel to the horizontal plane, and 
vice versa. 

If a line be at any time parallel to the two planes of 
projection, the two projections of this line will be par- 
allel to the ground Jine ; and reciprocally, if the two pro* 
jections of a line be parallel to the ground-line, the line 
itself will be at the same time parallel to the two planes 
of projection. 



If a line be perpendicular to one of the planes of pro- 
jection, its projection upon this plane will only be a point, 
and its projection upon the other plane will be perpen- 
dicular to the ground-line. Thus, for example, if the 
line in question be perpendicular to tbe horizontal plane, 
its horizontal projection will be only a point, and its ver- 
tical projection will be perpendicular to the ground-line. 

Reciprocally, if one of the projections of a straight 
line be a point, and the projection of the other perpen- 
dicular to the ground-line, this line will be perpendicular 
to the plane of projection upon which its projection is a 
point. Thus the Ijne will be perpendicular to the hori- 
zontal plane, if its projection be the given point in the 
horizontal plane. 

If a line be perpendicular to the ground-Une, the two 
projections will also be perpendicular to this line. The 
reciprocal is not true ; that is to say, that the two pro- 
jections of a line may be perpendicular to the ground-line, 
without having the same line perpendicular to the ground- 
line. 

If a line be situated in one of the planes of projection, 
its projection upon the other will be upon the ground-line. 
Thus, if a line be situated upon a horizontal plane, its 
vertical projection will be upon the ground-line ; and if 
this line were given upon the vertical plane, its horizontal 
projection would be upon the ground-line. 

Reciprocally, if one of the projections of a line be 
upon the ground-line, this line will be upon the plane of 
the other projection. Thus, for example, if it be the 
vertical projection of the line in question, which is upon 
the ground, this line will be upon the horizontal plane ; if, 
on the contrary, it were upon the horizontal projection 
of this line which was upon the ground-line, this line 
would be upon the vertical plane. 

If a line be at any time upon the two planes of projec- 
tion, the two projections of this line would be upon the 
ground-line, and the line in question would coincide with 
this ground-line. Reciprocally, if the two projections of 
a line were upon the ground-line, the line itself would be 
upon the ground-line. 

If two lines in space are parallel, their projections upon 
each plane of projection are also parallel. Reciprocally, 
if the projections of two lines are parallel on each plane 
of projection, the two lines will be parallel to one another 
in space. 

If any two lines whatever in space cut each other, the 
projections of their point of inrersection, will be upon the 
same perpendicular line to the ground-line, |ind upon the 
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points of intersection of the projections of these lines. 
Reciprocally, if the projections of any two lines whatever, 
cut each other in the two planes of projection, in such a 
manner that their points of intersection are upon the 
same perpendicular to the ground-line, these two lines in 
question will cut each other in space. 

The position of a plane is determined in space when 
we know the intersections of this plane with the planes 
of projection. 

The intersections, A B, A C, of the plane in question, 
with the planes of projections, are called the traces of 
this plane. 

The trace, situated in the horizontal plane, is called 
the horizontal trace, and the trace, situated in the ver- 
tical plane, is called the vertical trace. 

A very important remark is, that the two traces of a 
plane intersect each other upon the ground-line. 

If a plane be parallel to one of the planes of projection, 
this plane will have only one trace, which will be parallel 
to the ground-line, and soluated in the other plane of 
projection. Reciprocally, if a plane has a trace parallel 
to the ground-line, this plane will be parallel to the 
plane of projection, which does not contain this trace. 
Thus : 

Ist. If a plane be parallel to the horizontal plane, this 
plane will not have a horizontal trace, and its vertical 
trace will be parallel to the ground-line. Likewise, if a 
plane be parallel to the vertical plane, this plane will not 
have a vertical trace, and its horizontal trace will be par- 
allel to the ground-line. 

2d. If a plane has only one trace, and this trjice par- 
allel to the ground-line, let it be in the vertical plane ; 
then the plane will be parallel to the horizontal plane. 
So if the trace of the plane be in the horizontal plane, 
and parallel to the ground -line, the plane will be parallel 
to the vertical plane. 

If one of the traces of a plane be perpendicular to 
the ground-line, and the other trace in any position 
whatever, this plane will be perpendicular to the plane 
of projection, in which the second trace is. Thus, if it 
be a horizontal trace which is perpendicular tothe ground- 
line, the plane will be perpendicular to the vertical 
plane of projection ; and if, on the contrary, the vertical 
trace be that which is perpendicular to the ground-line, 
then the plane will be perpendicular to the horizontal 
plane. 

Reciprocally, if a plane be perpendicular to one of the 
planes of projection, without being parallel to the other, 



its trace upon the plane of projection, to which it is per- 
pendicular, will be perpendicular to any position whatever, 
and the other trace will be perpendicular to the ground- 
line. Thus, for example, if the plane be perpendicular 
to the vertical plane, the vertical trace will be perpendic- 
ular to the ground-line. The reverse will also be true, 
if the plane be perpendicular to the horizontal plane. 

If a plane be perpendicular to the two planes of pro- 
jection, its two traces will be perpendicular to the ground- 
line. Reciprocally, if the two traces of a plane are in 
the same straight line perpendicular to the ground-line, 
this plane will be perpendicular to both the planes of pro- 
jection. 

If the two traces of a plane are parallel to the ground- 
line, this plane will be also parallel to the ground-line. 
Reciprocally, if a plane be parallel to the ground-line, its 
two traces will be parallel to the ground-line. 

When a plane is not parallel to either of the planes of 
projection, and one of its traces is parallel to the ground- 
line, the other trace is also necessarily parallel to the 
ground-line. 

If two planes are parallel, their traces in each of the 
planes of projection will also be parallel. Reciprocally, 
if on each plane of projection the traces of the two planes 
are parallel, the planes will also be parallel. 

If a line be perpendicular to a plane, the projections 
of this hne will be in each plane of projection, perpen- 
dicular to the respective traces in this plane. Recipro- 
cally, if the projections of a line are respectively perpen- 
dicular to the traces of a plane, the line will be perpen- 
dicular to the plane. • 

If a line be situated in a given plane by its traces, this 
line can only intersect the planes" of projection upon the 
traces of the plane which contains it. Moreover, the Hue 
in question can only meet the plane of projection in its 
own projection. Whence it follows, that the points of 
meeting of the right line, and the planes of projection, 
are respectively upon the intersections of this right line, 
and the traces of the plane which contains it. 

If a right line, situated in a given plane by its traces, 
is parallel to tt|e horizontal plane, its horizontal projec- 
tion will be parallel to the horizontal trace of the giveu 
plane, and its vertical projection will be parallel to the 
ground-line. Likewise, if the right line situated in a 
given plane by its traces, is parallel to the vertical plane, 
its vertical projection will be parallel to the vertical hne 
of the plane which contains it, and its horizontal projec- 
tion will be parallel to the ground-line. 
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Reciprocally, if a line be situated in a given plai 
its traces, and that, for example, let its horizonta 
jeclion be parallel to the horizontal trace of the 
plane, this line will be parallel to the horizontal 
and its vertical projection will -be parallel to the gi 



OK THE DEVELOPEME 

PI 

PLATE 15. 



^ PROBLEM I. 

To find the developement of the surface 
right semi-cylinder. 

Fig, 1. Let A C D E be the plane passing thi 
the axis. On A C, as a diameter, describe the ser 
culor arc ABC. Produce C A to B, and makt 
equal to llie developement of the arc ABC. Draw 
parallel to A E, and E G parallel to A F ; then A 
E is the developemcDl required. 



To find the developement of that part of a s 
cylinder contained between two perpendi< 
surfaces. 

Figs. 2, 3, 4. Lei A B C D E be a portion 
plane passing through the axi^ of the cylinder, C T. 
A E, being sections of the surface, and let 1) E a 
G be the insisting lines of the perpendicular surface : 
let A C be perpendicular to A E and CD. On A 
a diameter, describe the scnii-circular arc ABC. 
duce C A to H, and make A H equal to the dcvi 
ment of the arc ABC. Divide the arc A B C, ai 
developement, each into the same number of equal 
at the points, 1, 2, 3. 

Through the points 1, 2, 3, &c. in the semi~cii 
arc, and in its developement, draw straight lines pa 
to A E, and let the parallel lines ihiough 1, 2, 3, ii 
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E F, as in Che preceding problem. Divide the semi- 1 
circular arc, ABC, and the sectorial arc, A F, each 
into the same number of equal parts at the points 1, 2, 
3, &C. From the points 1, 2, 3, d&c. in the semi-circu- 
Ua arc, draw straight lines, 1 A;, 2Z, 3 m^Scc. perpendicu- 
lar to A C. From the points k, I, m, &c. draw straight 
lines A E, 2 E, m E, &c. intersecting the curve, A C, in 
Pi 9i ^9 ^- Draw the straight lines, pt^ qu, rv, &c. par- 



allel to one side, E C meeting A C in the points ^, ti, v , 
&c Also from the points 1, 2, 3, in the sectorial arc, 
A F, draw the straight lines 1 E, 2 E, 3 E, 6cc. Trans- 
fer the distances pt, qu^ rv, &c. to I a, 2 &, 3 c, &c, then 
through the points A, a, b, c, &c. draw the curve A c F, 
and A c F is one of the edges of the developement, and 
by drawing the other edge, the entire developement, A G 
H F, will be found. 
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IPKOJECTlfDlT ©F FlRllSMS , 



PROJECTION OF PRISMS 



[In the annexed definitions and problems, the stndent wiU find enough to giye him a correct and sufficiently perfect idea of the natore and im- 
portance of this useful branch of science ; and he will also find occasion to apply the geometrical principles, a knowledge of which he is presnmed 
to have acquired from the preceding pages of the present work.] 

DEFINITIONS. 



1. When straight Unes are drawn, according to a cer- 
tain law, from the several parts of any figure or object cut 
by a plane, and by that cutting or intersection describe 
a figure on that plane, the figure so described is called 
the projection of the other figure or object. 

2. The lines taken altogether, which produce the pro- 
jection of the figure, are called a system of rays. 

3. When the system of rays are all parallel to each 
other, and are cut by a plane perpendicular to them, the 
projection on the plane is called the orthography of the 
figure proposed. 

4. When the system of parallel rays is perpendicular 
to the horizon, and projected on a plane parallel to the 
horizon, the orthographical projection is then called the 
ichnography, or plan of the figure proposed. 

6. When the rays of the system are parallel to each 
other and to the horizon, and if the projection be made 
on a plane perpendicular to those rays and to the 
horizon, it is called the elevation of the figure pro- 
posed. 

[In this kind of projections, the projection of any par- 
ticular point, or line, is sometimes called the seat of that 
point or line, on the plane of projection.] 

6. If a solid be cut by a plane passing quite through 

17 



it, the figure of that part of the solid, which is cut by the 
plane, is called a section. 

7. When any solid is projected orthographically upon 
a plane, the outline or boundary of the projection is 
called the contour or profile of the projection. 

[Note. Although the term orthography signifies, in 
general, the projection of any plane which is perpendicular 
to the projecting rays, without regarding the position of 
the plane on which the object is projected ; yet writers 
on projection substitute it for elevation, as already de- 
fined ; by which means it will be impossible to know 
when we mean that particular position of orthographical 
projection, which is made on a plane perpendicular to 

the horizon.1 

AXIOM. 

If any point, line, or plane of any original figure, or 

object, touch the plane on which it is to be projected, 

the place where it touches the projecting plane, is the 

projection of that point, line, or plane of the original 

figure or object. 

PROPOSITION. 

The orthographical projection of a line, which is paral- 
lel to the plane of projection, is a Une equal and parallel 
to its original. 
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PROBLEMS. 



PLATE 16. 



PROBLEM L 



no. 1. 



To project the elevation of a prism standing on 
a plane perpendicular to the projecting plane ; 
given the base of the prism, and its position 
to the projecting plane. 

■ 

Let A B C D, No. 1, be the base of the prism ; let 
H F be the intersection of tlie projecting plane, with the 
plane on which the prism stands. 

Draw lines from every angle of the base, cutting H F 
at H, and F will be the projection of the points A 
and C ; the angle D, touching H F at D, is its pro- 
jection. 

From each of the points H, D, F, in No. 2, draw the 
lines H I, D E, and F G, each perpendicular to H F ; 
make D E equal to the height of the prism ; through E 
draw I G, cutting H I and F G at I and G, which will 
give the projection sought. 

PROBLEM n. 
FIG. 2. 

To project the ichnography and elevation of a 
square prism, to rest upon one of its angles 
upon a given point A, in the plane, on which 
the ichnography is to be described ; given 
the ichnography A L, of an angle, which the 
two under planes make with each other ; the 
angle Ma/, which the angle of the solid 
makes with its ichnography A L ; the inter- 
section A a, of one of its ends with the plane 
of the ichnography ; the angle D A a, which 
one side of the end makes at A, with the 
intersection A a of that end ; also given one 
of the sides of the ends, and the length of the 
prism. 

At the given point A, with the intersection A o, make 
an angle a A D, equal to the angle which one of the sides 



of the end makes with A a ; make A D equal to one of 
the sides of the end ; then on A D, construct the square 
A B C D ; through the angles of the square B, C, D, 
draw lines B H, C I, and D M, parallel to A L ; then at 
the point a, in the right line D M, make an angle M a Z, 
with a M, equal to the angle of the solid, whose projec- 
tion is A L with A L ; make a I equal to the length of 
the solid ; through the points a and /, No. 1, draw the 
lines a e and I i, perpendicular to a Z ; through the 
points B and C, No. 2, draw B R and C S, paral- 
lel to A a, cutting D M, produced at R and S ; on 
a, as a centre with the distances a D, a R, and a S, de- 
scribe arcs f g,Rf, and S e, cutting a c, No. 1, at g*,/, 
e ; through the points g-,/, c, draw the lines g k,fhj 
and e t, parallel to a /, and No. 1, will be completed, 
which will be the projection of the prism on a plane par- 
allel to A L. Through the points g", /, e, draw the lines 
e E, / F, and g G, perpendicular to D M, or A L, cutting 
D E, C I, and B H, respectively at G, E, F ; also through 
the points /, ky h, i, draw the lines Z L, A: K, A H, and i 
I, likewise parallel to A L, cutting A L, G M, B H, and 
C I, respectively at the points L, K, H, and I ; join E 
F, E G, and H I, 1 K, K L, L H, then will the planes 
E F H I, E I K L, and H I K L, represent the ichnog- 
raphy of the upper sides of the solid ; and if F A and 
A G be joined, then will F A G E, F A L H, and G A 
L K, represent the sides of the solid next to the plane 
of projection. Then to project the elevation on a plane 
whose intersection is T U ; from F, E, G, A, H, I, K, 
and L ; that is, from all the points in the ichnography 
representing the solid angles, draw the lines F /, E e, 
G g", A a, H A, 1 1, K A:, and L Z, perpendicular to the 
intersection T U, cutting T \] eX p, q, a, g, o, m. and 
k ; make pf,qe,ggjnhjOi,mly and k k, at No 3, 
respectively equal to P/, Q, e, G g", N A, O t, M Z, and 
K A, at No 1 ; then join/ a,ag,g e, ef; e t, i Ar, kg, 
k Z, and la; and/ a g e, g e i k, g k I a, will be the 
elevations of the outside planes of the solid ; and by 
joining/ A, and hi,fhie,fhla, and i hi k will be 
the elevations of the planes of the solid, next to the plane 
on which the elevation is projected. 
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[This ia one of the most interesting branches of architectaral science ; or, perhaps, it may, with more propriety, be termed a branch of geom- 
etry ; for it is almost entirely dependent on, and governed by, geometrical principles. 

From a knoweldge of it, the architect is enabled to draft his. plans, and to give them their tme effect, or representation of light and shade ; to 
constmct his wmdows in order to receive light to the best advantage, kc, &c. The art of keeping a proper gradation of light and shade 
on objects, actording to their several distances, colors, and other circumstances, is of the utmost consequence to the artisf^ 



THE EFFECT OF DISTANCE ON THE COLOR OF OBJECTS. 



The art of giWng a due diminuntioa or degradation to 
the strength of the light and shade and colors of objects, 
according to the different distances, the quantity of light 
which falls on their surfaces, and the medium through 
which they are seen, is called Keeping. 

1. When objects are removed to a great distance from 
the eye, the rays of light which they reflect will he less 
vivid, and the color williiecome more diluted, and tinged 
with a faint bluish cast, by reason of the great body of 
air through which they are seen. 

2. In general, the shadows of objects, according as 
they are more remote from the eye, will be lighter, and 
the light parts will become darker ; and at a certain dis- 
tance the light and shadow are not distinguishable from 
each other ; for both will seem to terminate in a bluish 
tint, of the color of the atmosphere, and will appear 
entirely lost in that color. 

3. If the rays of light fall upon any colored substance, 
the reflected rays will be tinged with the color of that 
substance. 

4. If the colored rays be reflected upon any object, the 
color of that object will then be compounded of the' color 
of the reflected rays, and the color of the object ; so that 
the color of the object which receives the reflection, will 
be changed into another color. 

5. From the closeness or openness of the place where 
the object is situated, the light, being much more vari- 
ously directed, as in objects which are surrounded by 



buildings, will be more deprived of reflection, and conse- 
quently, will be darker than those cbjects which have no 
other objects in their vicinity ; except the surrounding 
objects are so disposed, as to reflect the rays of light upon 
the surrounded objects. 

6. In a room, the light being more variously directed 
and reflected than abroad in the open air, (for every aper- 
ture gives an inlet to a different stream) which direction 
is various, according to the place and position of the aper- 
ture, whereby every different side of the room, and even 
the same side in such a situation, will be variously affected 
with respect to their light, shade and colors, from what 
they would in an open place when exposed to rays com- 
ing in the same direction. 

Some original colors naturally reflect light in a greater 
proportion than others, though equally exposed to the 
same degrees of it ; whereby their degradation at differ- 
ent distances will be different from that of other colors 
which reflect less light. 

The art of keeping a degradation of light and shade 
on objects, according to their several distances, colors, and 
other circumstances, is of the utmost conseqtfence to the 
artist. 

In orthographical projections, where equal and similar 
objects stand in the same position to the plane of projec- 
tion, they will be represented similar, and of an equal 
magnitude, at every distance from that plane ; and conse- 
quently planes which are parallel to each other^ would not 
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appear to have any distance; so^ that the representation 
of any number of objects, at dilSerent distances from each 
other, would be entirely confused, and no particular 
object could be distinguished from the others ; but by a 
proper attention to the art of keeping, every object 
will be distinct and separate, and their respective 
distances and colors from each other will be preserved ; 



but though a proper degradation of light and shade 
ought to be preserved, according to the respective distan- 
ces of objects from each other, artists in general take too 
great liberties with nature; we frequently see in the 
drawings of architects, the art of keeping carried to so 
great an extreme, as to render their performances ridicu- 
lous. 



DEFINITIONS 



1. A body which is continually emitting a stream of 
matter from itself, and thereby rendering objects visible 
to our sense of seeing, is called a luminary ; such as the 
sun or any other body producing the same effect. 

2. The stream of matter which is emitted from the 
luminary, is called light. 

3. A substance or body which light cannot penetrate, 
is called an opaque body. 

4. If a space be deprived of light by an opaque body, 
it is called a shade. 

5. The whole or part of any surface on which a shade 
is projected, is called a shadow. 

6. A body which will admit of light to pass through it, 
is called a transparent substance. 

7. A line of light emitted from the luminary, is called 
a ray. 

PROPOSITION I. 

The rays of light, after issuing from the luminary, 
proceed in straight lines. 

PROPOSITION n. 

If the rays of light fall upon a reflating plane, the an- 
gle made by any incident ray, and a perpendicular to the 
reflecting plane, is called the angle of incidence, and will 
be equal to the angle that its reflected ray will make with 
the same perpendicular, called the angle of reflection ; 
these two propositions are known from experiment. 

PROPOSITION ra. 

« 

If the rays of light fall upon any curved surfece. 



whether concave or convex, or mixed of the two, the 
angle of reflection will still be equal to the angle of in- 
cidence. 

PR OPOSITION IV. 

Any uneven reflecting surface, whose parts lie in vari- 
ous directions, will reflect the rays of the sun in as many 
diflerent directions. 

DEMONSTRATION. 

If any ray fall upon a part of the surface which is 
perpendicular to that ray, it will be reflected in the same 
line as the incident ray ; but the more or less any part of 
the surfuce is inclined to a ray, falling upon that part of 
the surface, the greater or less angle will the reflected 
ray make with the incident ray. For, imagine a perpen- 
dicular to be erected to that part of the surface where 
any incident ray impinges on the surface, it is evident 
that the measure of the angle of incidence is equal to the 
obtuse angle made by the incident ray, and the reflecting 
surface at the impinging point, made less by a right angle ; 
but the angle of reflection is equal to the angle of inci- 
dence ; wherefore it follows that the whole angle formed 
by the incident and reflected rays, is double of the angle 
of incidence ; and consequently a reflecting surface, 
whose parts lie in various directions, will reflect the sun's 
rays in as many directions. 

Corollary. Hence appears the reason why object^ 
and their parts become visible to our sight when im- 
mersed in shade. 
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1. If a given straight line pass through or cut a given 
plane, and if an imaginary plane be supposed to pass 
through any two points in the straight line, perpendicular 
to the other plane, the angle made by the intersection of 
the two planes, and the given straight line, is called the 
inclination or altitude of the given line, on the given plane. 

2. The intersection of the planes, is called the seat of 
the given line on the given plane. 

Corollary. The angle made by a ray of light, and 
the seat of that ray, is the angle of the sun's inclination. 

3. If, on the surface of any solid, there be any point 
or points in the surface where the sun's rays fall perpen- 
dicular, this point or points which the sun's rays fall per- 
dicular to, are called points of light. 



4. If, on the surface of any solid, there be any line 
drawn upon that surface, and if the line so drawn upon 
the surface be lighter than any other line that can be 
drawn upon the said surface, then the line fijrst drawn is 
called the line of light. 

6. If the sun's rays fall upon any solid, and if a line 
or Unes be drawn on the surface of the solid where the 
sun's rays are a tangent, or upon the place or places of 
the surface which divide the dark side from the light side, 
then the line, or lines, so described, are called a line or 
lines of shade. 

6. If the sun's rays be parallel to any plane, that plane 
to which they are parallel, is called a plane of shade. 



PROBLEMS. 



PROl^LEM I. 



Given the ichnography and elevation of a prism, 
whose sides stand perpendicular to the hori- 
zon, and whose ichnography is a figure of any 
kind, regular or irregular ; given the seat of the 
sun on the ichnography, also on the elevation ; 
and the intersection of the plane of the eleva- 
tion with the plane of the ichnography ; the re- 
presentation of the point being likewise given 
on the elevation, and also on the ichnogra- 
phy, to determine the representation of the 
shadow on the elevation. 

Through the representation of the given point in the 
plane of the ichnography, draw a line parallel to the seat 
of the sun's rays on that plane, and produce it till it cut 
the intersection ; from that point on the elevation, draw 
a line perpendicular to the intersection ; then through the 
representation of the given point on the elevation, draw 
a line parallel to the sun's seat on the elevation, cutting 
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the line that was drawn perpendicular to the intersection, 
and that point will be the representation of the shadow 
on the elevation. 



PLATE 17. 



PROBLEM 11. 



no. L 



Given the altitude and seat of the sun on the 
horizon and the intersection of a plane, mak- 
ing a given angle with the horizon ; to find 
the seat and altitude of the sun on the other 
plane. 

Let D F be the seat of the sun on the horizon, and D 
F G, the angle of the sun's elevation, E F the intersec- 
tion of the plane with the horizon, and ABC, the angle 
which that plane is to make with the horizon. 

Produce D F till it meet E F in F ; through any 
point D, in the seat D F, draw D G perpendicular to D 
F, cutting F G in G ; also through D draw D K, per- 
pendicular to E F, cutting E F in E ; through D, draw 
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D I, perpendicular to D K ; make the angle D E H, 
equal to the given angle ABC; make D I equal to 
D G; through I, draw I H, perpendicular to E H, 
cutting it in H, make E K equal to E H ; join K F ; 
from K make K L, perpendicular to K F ; from K 
make K L equal to H I ; join L F ; then will I K be 
the seat of the sun on the other plane, and K F L will be 
the angle of the altitude. 

If the plane KEF stands perpendicular to the hori- 
zon, as in Fig. 2, the operation wiU be more simple,^ as 
follows, the same letters standing for the same things : 

Make E K equal to D G ; join K F ; draw K L, as 
before, and make K L equal to D E ; join L F ; then 
will K P be the seat of the sun on the horizon, and K F 
L be the seat of the altitude. 



PLATE 18. 



PROBLEM m. 



FIG. 1. 



Given the ichnography ABCDEFGHIK, 
and elevation L M N O of an upright prism, 
whose base or ichnography is a regular poly- 
gon, and the seat of the sun's rays on the base, 
to determine the various degrees of light and 
shade on the different sides of the prism. 

Let P d, in the ichnography, be the seat of the sun • 
and if it cut C D perpendicular, then will C D be the 
lightest side of the prism, the sides D E, and C B, will 
be a small degree darker, as P d is more inclined to D 
E and C B ; and in general, according as the sides re- 
cede on each side of C D, they will be continually darker 
until they become wholly deprived of light ; then suppose 
the sun's ray to touch the side G H, then G H will 
be the plane of shade, or that side where the light will 
end. 

Much in the same manner may the different degrees 
of shade be found on the surface of a cyUnder, as in Fig. 
2, where A B C D is the ichnc^raphy, and G H I K the 
elevation : that is, if B P be the direction of the sun's 
rays, cutting the ichnography in B, then will B be 
the lightest place ; and it will be continually darker and 
darker in each side of the point B, until it arrives at 
the point C, where the ray touches the side of the cyl- 
inder ; and there the light will end, and the darkness ^ 
begin. 



PROBLEM IV. 



FIG. 8 and 4. 



To represent the boundaries of light and shade on 
the elevation of a cone illumined by the sun, 
given the angle that any ray of light takes 
with the base of the cone ; also to determine 
the line of light, or that place on the surface 
that will be the lightest. 

Let A E D be the elevation of the cone, and let F I 
L G be the ichnography or base of the cone ; let F L be 
the seat of any ray in a plane, passing through the axis, 
and let the angles M L F, Fig. 3, and L F M, Fig. 4, be 
the angles which a ray of light makes with the base of 
the cone, and let F N L be a section of the cone passing 
through the axis, and through F L ; consequently the 
rays M L and F M, will be in that plane. 

Produce the rays M L and F M, if necessary, until 
they cut the sides of the section N F and N L ; Fig. 3 
will be cut at the points M and L, and Fig. 4 at the points 
F and M : bisect each of the lines M L and F M : and 
through N, the vertex of the cone, and the point of bi- 
section, draw N K ; through K, draw I K G, at right an- 
gles to F L ; through the points G and F, draw the lines 
G G and F B, perpendicular to A D, the representation 
of the base, cutting A D at B, and C in the elevation, 
and join B E and C E ; then will B E be the lightest 
line that can be drawn on the surface of the cone, and 
C E will be the representation of a line which will divide 
the light side of the cone from the dark side, and BEG 
will be the representation of half the enlightened side of 
the cone. 



PLATE 19. 
PROBLEM V. 

Given the ichnography and elevation of a poly- 
gonal ring, or a ring made of cylinders of 
equal lengths, and making equal angles with 
each other, to determine the representation 
of the boundaries of light and shade, on the 
icgnography and elevation ; the sun's altitude 
and seat to the plane on which the ichnogra- 
phy is described, being given. 

Let A C be the seat of the sun in the plane of the ich- 
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Dograpby, cutting the thickness of the ring at A and B ; 
let A C D be the angle which the sun's rays nnake with 
the plane of the ichnography, or seat A C. 

Bisect A B in c; with the radius c A or c B, describe 
a circle ; and through the centre c, draw c d parallel to G 
D, cutting the circle at d ; also through c, draw the line 
a i, at right angle to c d^ cutting the circles at a and b ; 
through the points d and 6, draw lines parallel to the 
sides A and B of the ring ; then the dark line nearest to 
A, will represent the line of light ; and that which is 
nearest to B, will represent that line which separates the 
light side from the dark side. 

To find the lines of light and shade on the next side 
of the ichnography : from the centre C draw C E at right 
angles to the side B, cutting the sides E andF at E and 
F ; through the-point A draw H A G, at right angles to 
E C cutting E Cat G ; from G make G H equal to ADi 
join H C, and bisect E F at c ; then with the radius c E 
on c F describe a circle, and through its centre c, draw c 
k parallel to G H, cutting the circle at k ; also through c 
draw p/ at right angles toe k; through the points k 
and/, draw lines parallel to the sides E and F: then 
will the line next to E, that cuts G F at p, be the line of 
light, and the line next to F, the line of shade. 

In like manner proceed with the side, I and K : that 
is, through G draw the line G I, at right angles to the 
side I, cutting the sides I and K, at I and K ; bisect I 
K at c ; with the radius c I or c K, describe a circle ; 
through the point A, as before, draw the line A L per- 
pendicular to G I, cutting G I at L ; from L, make L 
M equal to A D ; join M G ; through c, draw c 971 par- 
allel to G M, cutting the circle at m, also through c, 
draw g h perpendicular to c m, cutting the circle at g 
and h ; then through the points m and A, draw lines par- 
allel to the sides I and K ; then the line next to I, which 
cuts I K at ^, will give the line of light, and the line 
next to K the line of shade. 

In like manner to find the common boundary of light 
and shade, upon that side of the ring next to the ich- 
nography, draw, lines through the points a, p, g, parallel 
to the sides A, E, I, as are shown by the dotted lines, 
which will gives lines of shade on the under side of each 
cylindrical part. The lines for one quarter of the ring 
being found, the other quarter, on the other side of the 
seat A G, may be found from the last quarter, each being 
in the same order, receding from the line A G, or 
drawing towards it. One half being now found, the other 
half will be found by observing that opposite sides of 



f the ring are parallel to each other ; and consequently 
if one is fomid, the other will also be found ; for the 
light will be at the same distance upon the same sides 
of that which is to be found, as that cylinder which is 
found. Then to find the lightest lines on the elevation, 
Fio. 2, and also those lines which will be the boundaries 
of the light and shade, proceed as follows : 

Through the points n, 0, p, 9, draw the lines n N, 
O, p P, 9 d, perpendicular to the elevation, cutting 
the line P K, which represents a plane passing through 
the axes of all the straight cylinders, at the points P, Q,, 
N, O ; make P H equal io p k ; from d, make Q, E 
equal ioq e; from N make N D equal to n ci, from O, 
make O A equal to a ; then through the points H, D, 
E, A, Fio. 2, draw lines parallel to P E : then will the 
lines H and D, represent the lines of light, and E and 
A will represent the lines of shade. Now since the side 
D A, in the elevation, Fio. 2, represents the cylindrical 
part A B, on the ichnography, and because that the lines 
of light and shade are in the same order on each side of 
A B ; that is, the light And shade will be the same height 
from the plane of ichnography, on each of the cylin- 
drical parts that areequi-distant from the cylindrical part 
A B, on each side of it, and consequently will be repre- 
sented on each of the cylindrical parts. Fig. 2, equi- 
distant from A D, at the same altitude ; then make P H 
and d Ei, the next cylindrical part to the centre of the 
elevation, equal to P H and d E, on the outside cylindri- 
cal part, which the side E F, on the ichnography, repre- 
sents ; make S M and R G, in the elevation, equal U)sm 
and r g, on the ichnc^raphy ; the height of the lines on 
each side of the elevation representing the light and shade, 
being taken from its corresponding place on the ichnog- 
raphy, as is already shown, will complete the Unes of light 
and shade on the elevation. 



OBSERVATIONS. 

I. If the seat of the sun's rays be drawn on any plane, 
and if a cylinder lay on that plane with its axis perpendic- 
ular to its seat, and parallel to the plane, the lightest line 
on the cylinder, will be nearer the plane in this position 
than in any other. 2. But if the axis of the cylinder 
make oblique angles, then the line of light will be higher 
on the cylinder. 3. Again, if the axis of the cylinder be 
parallel to the seat of the sun, the lightest line on the 
cylinder, in this case, will be at its greatest distance 
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the radius G A or B, this circle will represent the 
contour of (he sphere. Make the angle A C D, equal 
to the elevation of the ray above the seat C A ; and let 
C D be produced so as to cut the circumference line in 
D and E. Draw the lines F G, H I, K A, L M, N 
O, P Q,, perpendicular to D E, to cut the circle at the 
pointe, F, G, H, I, K, A, L, M, N, O, P, a, then 
will F G, H I, K A, L M, N O, P a, be the diame- 
ters of circles, which have equal intensities of light around 
each circumference on the sphere. Draw D R, G S, 
F T, H V, K C, L W, N X, P Y, perpendicular to 
B A ; then R will be the projected point, representing 
the lightest point on the surface; T S is the shorter 
axis of the ellipsis, and F G the greater. Describe the 
ellipsis aT b s, which will represent a circle of equal 
intensity of light in every part of its circumference on 
the surface of the spkere. In like manner, if the ellipsis 
cY d e, he drawn, it will represent another circle of 
equal intensity. Proceed in this manner, and represent 
all the intermediate circles of the sphere to that, the di- 
ameter of which is P Q,, where a ray of the sun would 
at any point be a tangent, and the representation of this 
last circle K Y Z, will be the line of separation of light 
and shade ; then every succeeding ellipsis towards the 
lightest point R, will represent graduating lines continu- 
ally lighter. 



PROBLEM Vin. 

Given the ichnography and elevation of a cyl- 
inder, having a square projecture or abacus, 
and the seat of the sun on the ichnography, 
also its seat on the elevation ; to find the 
shadow of the abacus, also the line of light 
and shade on the cylinder. 

Let A H I K L M N O B be the ichnography of the 

cylinder ; D E F G be that of the abacus ; V W the 

elevation.of the cylinder ; and E F the elevation of the 

abacus ; let C F be the seat of one of the sun's rays 

on the ichnography, passing through the centre C ; 

draw F o, making an angle with E F, equal to the angle 

which the seat of any of the rays make with E F ; 

through C, draw H, perpendicular to C O, cutting the 

ichnography at H ; between the points H and O, take 

any points I, E, L, M, and N ; then through the points 

19 



H, I, K, L, M, N, draw lines B B, I Q, E R, L S, 

M T, N U, parallel to C F, cutting H P at P, d, R, S, 
T, U ; through the points, P, Q, R, S, T, U, draw lines 
parallel to P o ; also through the points B, I, E, L, M, N, 
O, draw Unes H A, I i, E A:, L Z, M ^, N n, O o, par- 
allel to the' sides of the cylinder, cutting P A, d i, R A:, 
S Ij T >7i, U n, F 0, at the points A, i, k, I, m, n, o ; 
through these points draw a curve, and it will be the 
shadow of the abacus; H h will be the Une of shade 
and O the line of light. 



J?ROBLEM IX. 



FIG. 2. 



Given the ichnography and elevation of a cylin- 
der having a circular projection over it ; the 
seat of the sun on the ichnography ; also its 
seat on the elevation being given ; to find 
the shadow of the projecture on the cyl- 
inder ; also the line of light and shade. 

Let A D E F G H I B be the ichnography of the cyl- 
inder, RELMNOP(i,the ichnography of the 
projection : let U T be the elevation of the cylinder, 
and V S that of the projecture ; also let O be the seat 
of the sun's rays, passing through the centre of the 
ichnography^ and o A, the seat of the sun on the eleva- 
tion. 

Through C,.draw D perpendicular, cutting the cir- 
cumference of the inner circle at D, take any point E, 
F, G, I, B, in the circumfapence, draw the lines B E, E 
L, F M, G N, H O, I P, and B O, parallel to C H, cut- 
ting the outward circle at the points E, L, M, N, O, P, 
d, from the points D, E, F, G, H, I, draw the lines D 
d, E e, F /, G g-, H A, I i ; also through the points K, 
L, M, N, O, P, a, draw the lines E A, L /, M m, N n^ 

0, P p, CI 9, cutting^ y S a the points Ar, /, m, n^ 
0, p, q ; through the points kjlj m, n, o, p, q, draw k d, 

1 e,m fffi ff, h, p t, parallel to o hj cutting the lines 
D d, E c, F /, G g-, H A, I i, at the points, d, c,/, g*, A, 
£ ; a curve being traced through these points, will be the 
representation of the shadow upon the cylinder : D d 
will be the line of shade, and H, the line of light. 
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PLATE 21. 
PROBLEM X. 

The ichnography and elevation of the prism 
standing upon a polygonal base, having the 
projecture or cap of the same figure upon it, 
projecting equally over its sides ; given the 
seat of the sun's rays on the plane of the 
ichnography, and also on the elevation ; to 
project the shadow of the cap on the prism, 
and also on a plain parallel to the axis of the 
prism. 

Let ABCDEFGbethe ichnography of the prism, 
H I J K L M N the ichnography of tbe cap W A, and G 
P, parts of the ichnography of the plane on each side of 
the prism, J W be the projection of a ray on the ich- 
nography, and j w, on the elevation. From all the 
points H, I, J, K, L, M, N, in the ichnography of the 
angles of the cap, draw the lines H A, 1 1, J j', K A:, L /, 
M m, N n, perpendicular to W P, to cut the under side 
of the cap at A, i, j, k, I, m, n. Draw the lines A 4 a, 
B 6 6, C 6 c, D 7 d, E 8 e, F 9 /, G 10 g-, perpendicu- 
lar to W P, cutting the bottom of the prism at 4, 5, 6, 
7, 8, 9, 10, then the lines 4 a, 5 ft, 6 c, 7 d, 8 e, 9 /, 
10 g^ represent the angles on the elevation. Draw the 
lines H Z, I X, J W, K a, L R, M T, N U, paraUel 
to J W, cutting the ichnography of the plane at the 
points Z, X, W, and the ichnography of the prism, at<i, 
R, T, U. Through the points A, t, j, k, I, m, n, the 
projection of the angles of the cap on its under edges 
and paraUel ioj «?, draw the projections of the rays A z, 
i x,j ID, k q, Iryfit t, n u. Draw the perpendiculars Z 
ZfXXfW w,(i q,^ r,T t,\3 t/, then the points z, x, 
w, are the projections of the angles of the cap on the 
plane, and 9, r, t w, the projection of the other angles 
on the elevation of the prism. Draw C Y, to touch the 
prism at C, and draw Y y perpendicular to W P, then 
Y y will be the termination of the shadow of the body 
of the prism on the wall. Then because that the point 
q is in the plane 6 c d 7, the point r in the plane TdeS, 
and the points t and w, in the plan 9 / g 10, and the 
lines J, k, I, m, », parallel to these planes; the lines j', Ar, 
I, m, n, will make parallel shadows ; therefore, draw q, 
c,rdjt u, parallel to j k, k /, or m n, to cut c 6 in e, k 
7 in d, and G g at w ; join d q ; then to find the depth 
of the shadow of Z m on the elevation, draw ^ 5 on the 
ichnography parallel to J W ; draw 4* &^ perpendicular to 



W P, likewise 4* b, parallel to the ray on the elevation, 
and S s, parallel to the axis of the prism ; then s ii the 
depth of the shadow ; but as the projections of the ex- 
tremities of I m, fall upon the adjacent planes at r, and tf 
draw e f through s, cutting 8 e at e, and 9/atf ; then 
join e r, f ^ Lastly, draw G V on the ichnography par- 
allel to W J, cutting the projection of the cap at Y : 
draw y V perpendicular, cutting the cap at v, and draw v 
g parallel to the rays on the elevation, and join u g ; 
then c^d, r tit u g will be the shadow of the cap 
on the elevation ; but as the shadow of the parts of 
the abacus H I, I J will be from the top of the cap ; make 
w I, X 2, z 3, parallel to the angles of the prism on 
the elevation, and equal to the thickness of the cap. 
Join I, 2 ; 2 ; 2, 3 : then will 3, 2, 1 w yhe the shad- 
ow of the abacus on tbe wall. Through g draw g m 
and k i in the same straight line with g m, cutting 3 2, 
at k ; then i k 2, 2 ti; ^ is the complete shadow of the cap 
on the plane. 

Much after the same manner may the shadow of a 
cylinder be found, having a circular projection over it, 
as is shown at Fig. 2 ; and also the shadow of the cylin- 
der projecture may be found on a plane parallel to the 
axis of the cylinder, having the same thing given as be- 
fore ; but for more easy inspection, letters are placed 
on the ichnography and elevation, representing the cor- 
responding parts of each other ; that is, capital letters 
are placed on the ichnography, and small letters of the 
same name on the elevation, representing those of the 
same name on the ichnography. 

PRORLEM XI. 

Given the seat and altitude of the sun on any 
plane, also the seat and altitude of a line to 
the same plane ; to determine the shadow of 
the line upon that plane. 

Let K L be the seat of the line upon the plane, and 
G H Fig. 3, the angle which the line makes with its 
seat ; make the angle M K L Fig. 2, equal to the angle 
H G I ; through L draw L M, perpendicular to K L, 
cutting K M at M ; also through L draw L O paral- 
lel Co the seat of the sun ; again, through L draw 
L N perpendicular to L O, and make L N equal to L 
M ; then upon the right line L N, and from the point N, 
make the angle L N O equal to the complement of the 
angle of the sun's inclination to a right angle ; produce 
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N O, cutting L at O ; then join the points K and O, 
and the Une K O will be the shadow required. 

This problem will be found of great use in finding the 
shadows upon inclined planes. 

Note. If the seat and altitude of the sun be given 
on any other plane, making a given angle with the plane 
on which the shadow is to be projected, the sun's altitude 
and seat may be found by Problem II. 



PROBLEM Xn. 

Given the seat and angle of inclination of the 
sun on the horizon, and the intersection of a 
plame perpendicular to the horizon ; to deter- 
mine the angles which a plane of shade, made 
bj a right line, parallel both to the horizontal 
and perpendicular planes, will make with each 
of the planes. 

Let A 6 be the seat of the sun on the horizon, and A 
A D as Fig. 1, the angle of inclination to the seat A B, 
and let C B be the intersection of a plane perpendicular 
to the horizon ; take any point C in C B, and from C, 
draw C A perpendicular to p B, cutting A B at A ; 
from A, draw A E perpendicular to A C, and A D per- 
pendicular to A B, cutting D B at D ; make A E equal 
to A D, and join C E, then will the angle B E, be 
the angle which the plane of shade makes with the per- 
pendicular plane, and the angle ACE the angle which 
the plane of shade makes with the horizon. 

This problem will be very useful in shading mould- 
ings which project from planes that stand perpendicular 
to the horizon, the sun's altitude and seat being given to 
the horizon ; as will be shown in the next problem. 



PLATE 22. 



PROBLEM Xra. 



A moulding of any kind being given, and the 
angle which a plane of shade makes with a 
perpendicular part of the moulding, either 
being given or found by the last problem, 



having the sun's altitude and seat on the ho- 
rizon; to determine the shadow on the 
moulding. 

Let the ovolo, fillets, and hollow, Ftg. 1, be the given 
moulding ; drawC D parallel to the inclination which the 
plane of shade makes with the vertical part of the mould- 
ing, touching the ovolo at C, and cutting the vertical 
part below D ; then a line drawn through D perpendic- 
ular to the fillet will give the lower edge of the shadow, 
and an in^aginary line supposed to be drawn through C, 
will give the line of shade ; and if a line is drawn through 
A, the lower edge of the fillet above the ovolo parallel 
to C D, cutting the ovolo at C, then a line being drawn 
through B, parallel to the fillet, will give the edge of the 
shadow from the fillet. 

Much in the same manner may the shadow upon the 
cima reversa and cima recta be found, as shown by the 
dotted lines. 



ON MOULDINGS. 



PLATE 22. 



The form or shape of mouldings, in most cases, 
may be ascertained from the various degrees 
of light and shade upon them, without ob- 
serving the profiles ; which will appear evi- 
dent from the following observations. 

Observations on Surfaces, and their Power to reflect 

Light. 

It has already been observed in the second proposi- 
tion, that if the sun's rays fall upon a reflecting plane, 
the angles made by the reflected rays, with perpendicu- 
lars at the impinging points, will be equal to the angles 
made by their corresponding incident rays with the said 
perpendiculars ; so that the rays in this case will have 
only one direction after reflection : but by experiment 
we are shown that there . is no such thing as a perfect 
plane ; for if a surface is even polished to the greatest 
degree, yet this polished surface will be but rough and 
uneven ; for if viewed through a microscope having a 
great magnifying power, the surface will appear quite 
irregular, and the different parts of the surface will be 
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inclined to any fixed plane, in all manner of directions, 
and consequently, if the sun's rays fall upon such a sur- 
face, the rays will not be entirely reflected in the same 
direction, but a great part of them will be reflected in all 
manner of direaions by the difierent positions of the sur- 
face, by proposition IV. It may be observed, that the 
higher any surface can be polished, the nearer it approx- 
imates to a plane, and consequently the rays will be more 
and more reflected in the same direction ; but there is 
no surface which will reflect the sun's rays entirely in 
the same direction ; that is, parallel to each other ; but 
a great part of them will be reflected in all manner of di- 
rections : it will be also necessary to observe, that the 
power of reflection will depend very much on the light- 
ness of the color of materials ; for the darker any sub- 
stance is, the more will the rays of light be absorbed in 
that substance, and consequently will have a less power 
to reflect. 

White being the lightest of all colors, will reflect the 
most rays ; and the more any substance incUnes to a 
white, the greatest power will that surface have to reflect 
the rays of light. 

Observations on Mouldings in Shade. 

CASE I. 

If the sun's rays fall upon any building ; also upon the 
ground or horizon below the building ; and if there are 
any projectures from the building, such as mouldings or 
other ornaments, and^ if any of the parts of those mould- 
ings or ornaments are entirely in shadow by the projec- 
ture of something else which prevents the rays of the sun 
from falling upon them, those parts of the mouldings 
which are in shade will become visible ; for, besides a 
reflection from the ground, there will be a strong reflec- 
tion from the surface of the building, immediately under 
the mouldings or ornaments. It has already been ob- 
served, that these rays will be reflected in all directions, 
and consequently a part of them will be reflected upwards 
on the mouldings above, and therefore will show light 
and shade on the mouldings, according as the reflected 
rays fall, more or less perpendicular on their surfaces. 

Hence the reason why all perpendicular sides of fillets 
will be darker in shade than the horizontal sides. 

An ovolo, having a projecture over it, so as to prevent 
the sun's rays from falling upon it, the reflected rays be- 
ing more and more inclined from the under edge towards 



the upper edge, will be lightest below, and will be gradu- 
ally darker and darker upwards. 

A cavetio or hollow, immersed in shade, will, for the 
same reason, be darkest below, and will be continually 
lighter to the upper edge. 

A cimareversa, in shade, will be darkest above and 
below, and lightest in the middle ; for this moulding is 
composed of an ovolo above and a cavetto below. 

A cimarecia, in shade, will be lightest above and be- 
low, and darkest in the middle. 

These are general rules for shading horizontal mould- 
ings. 



Observations on vertical Mouldings. 

CASE II. 

All upright perpendicular mouldings, in shade, or being 
in part so, will receive a reflection from those surfaces 
which are next to them ; for they cannot receive a reflec- 
tion from the contrary side, by reason of their projection, 
which will prevent the ray, reflected from that side, fron* 
falling on them. 

Therefore it is plain, in these cases, the forms of mould- 
ings may be known by reflection. 

Artists give this rule for shadowing : that is, to shade 
all mouldings or other ormaments which are in shade,, 
inverse to those on which the sun's rays fall, from the 
contrary side of the reflected rays. But this rule is not 
only very uncertain, depending much on the situation of 
other objects which surround these mouldings or orna- 
ments, but in some cases very erroneous, as in the exam- 
ple of mouldings perpendicular to the horizon ; for 
mouldings in this situation, as has been observed, will 
receive a reflection from that side, which is next to the 
front of the moulding, if something else does not project 
to a great distance from that surface from which the 
reflection comes. If a cylinder or column is attached to 
a wall in a vertical position, and if it has any projecture 
over it, so as to cause that part under the projecture to 
be in shade quite round the cylinder, there will not only 
be a reflection from the wall on the contrary side of the 
cylinder, to the sun upon that side of the cylinder which 
is next to it, but also from that part of the wall on that 
side of the cylinder next to the sun, which will make that 
part of the cylinder which is in shadow, lightest at the 
two sides and darkest in the middle. Something of the 
same kind may be seen in Ionic columns attached Co a 
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wall ; where it may be obeerved, when the sun shines 
upon one side of them ; suppose that side of the column 
which is on the right hand, then the right hand volute 
will throw a shadow upon the light side of the column, 
which shade will be lightest on that edge which is next 
to the wall and to the luminary, and darkest at that edge 
next to the middle of the column. 

Observations on Mouldings in Shade, when situate on 
the side of an Object which is entirely in Shade, and 
also the ground under that side in Shade, 

CASE m. 

In one building where one end or side is entirely in 
shade, and also a great part of the ground under that end 
in shade, there will be little or no reflection from the 
ground upwards, nor from the surface of the building, and 
consequently little reflection upon the mouldings from 
below ; the only light which they receive is from a kind of 
scattered or confused rays in the atmosphere, and small 
reflections from the horizon ; and threfore horizontal 
mouldings, or ornaments, in this situation, which have 
but small projectures o.er them, will have a contrary 
effect to mouldings in shadow, situate on the light side of 
an object 

An ovolo, placed hori zontally, and whose greatest pro- 
jecture is upwards, upon the dark side of an object, will 
be lightest above, and continually darker and darker to the 
under edge. 

A cavetto, having its greatest prqjecture upwards 
placed horizontally on the dark side of an object, will 
be darkest above, and continually lighter and lighter to 
the under edge. 

A cimareversa, placed horizontally on the dark side 

of the object, having its greatest projection upwards, 

will be darkest in the middle, and lightest above and 
below. 

A cimarecta, whose greatest projecture is upwards, and 

placed horizontally, will be darkest above and below, and 

lightest in the middle. 

All horizontal projectures on the dark side of an object 
will condense the shade under them, and consequently 
will appear more or less dark, according as the projec- 
ture is more or less. 

These are general rules for shading mouldings on the 
dark side of an object from scattered light ; however, 

there are some exceptions to these rules ; that is, when 

20 



any of these mouldings have a very great prqjecture over 
them, this projecture will hinder the scattsred rays from 
falling upon the mouldings ; but as they will receive a 
small reflection frotn the horizon below, the most of the 
scattered and reflected rays will fall obliquely on the 
moulding ; thus the lighted place of an ovolo will not be 
exactly on the under edge, but somewhere between the 
under and upper edge, and will be nearest to either, 
according as the shadow on the ground is less or more 
distant from that side of the object, and according as the 
projecture over the moulding is more or less, and also 
according to the position and distance of other surround- 
ing objects; all these different circumstances combining 
together, will vary the places of light and shade on hor- 
izental mouldings, which are situate on the dark side of 
an object. 

An horizontal cavetto on the dark side of an object 
having a projecture over it as before, the lightest place 
will be somewhere between the upper and under edge, 
as in the ovolo, and both mouldings would have actually 
the same appearance if their profiles could not be ob- 
served ; when most of the scaUered and reflected rays 
are in a plane, making equal angles with the hor- • 
izon, and with that side of the object in shade: that 
is, forty-five degrees with each other j and, consequently, 
mouldings in this situation will be less distinct than 
mouldings in shade, on that side of the object which the 



sun snmes on. 

Further Observations on the Effect that reflected 
Light wUl have on Cornices, which have Modillions 
or Mutules, Dentils, ^c. or any other projecting 
Ornaments of a nature similar to them. 

The reflected light from the ground and from the 
object being scattered in all directions, it will therefore 
follow, if there are any projecting parts from mouldings, 
or cornices, which are in shadows, such as mutules, 
modillions, dentils, &c. these projecting parts will hin- 
der a great part of the scattered rays from falling in the 
spaces between them ; and therefore the spaces will be 
deprived of reflection, and consequently will be much 
darker than the prominent parts, even if these prominent 
parts were also in shadow. 

For this reason the intervals between mutules, modil- 
lions, dentils, &c. are darker than on their fronts ; for 
every projecture will condense the shadow on each side 
of it, if recessed on both sides ; therefore the spaces 
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will be lightest in the middle, aod darkest nearest to 
the edges of the routules, modillions, dentils, &c but 
to show on which side of the mutules, d&c. the great- 
est shade would fall, according to the place of the lumin- 
ary, would be almost impossible, as it depends so much 
on the situation of other objects. But suppose all the 
surrounding objects in the vicinity to be removed, and 
the grpund and building to be of a light color, and sup- 
pose the rays to proceed from the right to the left hand 
of the object, and parallel to a vertical plane which is 
inclined at an angle of forty-five degrees with the eleva- 
tion of the object ; then it is plain, that since the angle 
of reflection is equal to the angle of incidence, the great- 
est part of the rays which fall upon the horizon will be 
reflected from the ground parallel to the vertical plane ; 
and seeing that the vertical plane would be on the 
right hand of another vertical plane, perpendicular to 
the face of the object, and to the horizon, it follows, 
that most of the rays will come frtm the right hand, and 
be reflected towards the left on the object ] and conse- 
quently, any projectures from cornices, as mutules, <fec. 
which are in shadow, will condense or darken the shade 
. upon the left hand of the projecture ; and that vertical 
side of the mutules which is next to the luminary, will 
be lighter than the other vertical side on the left of the 
mutule, &c. As to the direction and effect, which most 
of the reflected rays would take from the face of the ob- 
ject, imagine a plane parallel to the sun's rays and per- 
pendicular to the face of the building or object ; then 
most of the rays will be reflected from the building or 
object downwards, parallel to this last mentioned plane ; 
and that part of those rays which are reflected upwards, 
would take no particular direction to the right or to the 
left, and therefore would cause no sensible diflerence 
upon the vertical sides of the mutules, but would reflect 
most light upon the horizontal or under sides, &c. 

What has now been said of mouldings in shade having 
projectures from them, or of the recessed parts of any 
object, will apply to ornaments in shade which are deep- 
ly, relieved; for their recessed parts, according to the 
foregoing observations, will be deprived of reflection by 
the more prominent parts of them ; they will therefore 
be darkest in their receding parts, and lightest oa the 
prominent parts. 



Observations an the Shades of Projectures from 
Buildings f or from any other plain Surface which 
is made of light Materials. 

If there is any vertical plane, and if a rectangular 
prism is attached to that plane, having two of its sides 
parallel to the plane, and ccmsequeutly the other two 
sides perpendicular to it ; then if the sun-shine on the 
plane be on either side of the prism, the other opposite 
side of the prism will cause a shadow to be projected 
from its edge upon the plane ; and if the shadow upon 
the plane be of no considerable breadth, and if the plane 
be extended at any considerable distance beyond the 
shadow, then the lightest part of the plane on which the 
rays £qi11, will reflect a great part of the rays towards the 
prism : but as these reflected rays will not fall upon the 
shadow, it will be deprived of reflection : but as the side 
of the prism which projects the shadow, is opposed to 
the reflected rays, that side of the prism will receive a 
strong reflection, which will cause it to appear much 
lighter than the shadow it throws on the plane ; but if 
the shadow be projected farther on the plane, it will 
diminish the reflecting surface behind the prism, and 
will also cause the reflecting surface to be at a greater dis- 
tance from the side of the prism, and consequently will 
receive less reflection from the plane ; and in general 
the reflection on the prism will be continually diminish- 
ed, according as the shadow on the plane is increased, 
till at last there will be no diflerence between the shadow 
on the plane, and the side of the prism which projects 
that shadow ; and if the plane be entirely deprived of 
light, by the extensive breadth of the shadow, the side 
of the prism will in general be darker than the shadow 
on the plane : but this will depend very much on the 
situation of other objects. 

A building consisting of light colored materials, hav- 
ing a break in the front which projects a shadow on the 
building, at a small distance from the break, will, for the 
reason before mentioned, be much lighter on the side of 
the break, than the shadow projected by it on the build- 
ing behind it ; also columns which are attached to a 
wall, will project a darker shadow on the wall than any 
part of the columns which throw the shadow, provided 
that the shadow b not any considerable distance from 
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the column; for, according to the above observations, 
the broader the shadow, the less the column will appear 
to be relieved from it. 

a 

Ohservaiions en the Light Side of the Prism, and the 
Effect that a reflection from the Horizon and from 
the object will have on the Plane behind. the Prirm. 

The rays of the sun being reflected from the horizon 
in all directions, the projecture of the prism will prevent 
a part of the reflected rays from proceeding to the plane 
behind the prism, and consequently the [dane would be 
something darker than the face of the prism which is 
parallel to it ; but the side of the prism adjoining to the 
plane will throw a reflection upon the plane, and there- 
fore it would be difficult to perceive the difference be- 
tween the face of the prism, and the plane parallel behind 
the prism. As to the difierence of light between the 
side of the prism, which is perpendicular to the plane, 
and the plane, it will very much depend on the sit- 
uation of the luminary ; for if the luminary is in a plane 
equally inclined to both, there will be nearly the same 
degree of light on each ; for very little difference will 
arise from the reflection, except the luminary is more 
inclined to one surface than another; and then that sur- 
face will be darker than the other, according to the ob- 
liquity of the rays of the sun on that surface. 

PLATE 23. 
PROBLEM L 

Given the ichnography and elevation of a base 
and capital, and the seat of the sun's rays on 
the ichnographj, and on the elevation; to 
project the shadows caused by the several 
parts of itself, and the line of shade upon the 
base- 
Imagine the object to be sliced, or cut, by as many 
planes, parallel to the axes of the columns,* and to 
the sun's rays, as may be tliought convenient for the 
purpose : then it is plain, if a ray of light enter any 
of those planes, that every part of the ray will be in that 
plane, and that the projecting parts upon the edges of 

* It 18 not abiolutelj necessary to suppose the plane parallel to the 
axis of the colomn, as in this problem ; hot the sections formed by 
planes in this position are more easily found than in any other, for 
which reason I prefer the above position of planes. 
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these planes will withhold the rays from a part of the edge 
of the plane ; and the lowest point of that part will give 
the edge or projection of the shadow of the pari which 
throws the shadow •* then if a sufficient number of these 
points are found, a line drawn through them, with a 
steady hand, will give the shadow ; the line of shade 
will be found by dmwing lines to touch the several sec- 
tions parallel to the seat of the sun's rays on the eleva- 
tion ; and a line being drawn through the points of con- 
tact of the sections, will give the Une of shade. 

Let H I J K be the icbnography of the abacus ; H S 
K the icbnography of the ovolo ; and M P L that of the 
astragal; the lines G Y, F X, E W, D V, C U, B T 
and A S, are lines drawn parallel to the icbnography, 
cutting the front I J, of the abacus, and from the seats 
on the icbnography and the several seats on the ele- 
vation, the shadows may be described, as is shown in 
the elevation : then lines are drawn to touch the most 
prominent parts of those sections ; and the places where 
they cut the other parts of the sections will be the pro- 
jection of the several points as before : and a line being 
drawn tbrQUgb these points will give the shadow. 

The part gfe^is the shadow from the abacus, and d c 
h the shadow from the ovolo ; thus the point g in the el- 
evation is the shadow of p ; /is the shadow of w, and e 
the shadow of m ; and the shadow of the other part of 
the abacus would be where the dotted curved line is rep- 
resented: but as the sun sliines on the ovolo, in the 
middle of the abacus, it will throw the shadow lower 
than the dotted lines. This will be found by drawing 
lines to touch the several sections, which will give the 
points B, C, D. 

Note. That the line of shade on the torus might 
have been found in a very different manner than is 
shown in this example, may be seen by the circular ring, 
plate 19. 

Much after the same manner may the shadow and 
lines of shade be found on the attic base ; as is shown in 
plate 24. 



PLATE 25. 



PROBLEM n. 



no. 1. 



To find the shadow of a cylindrical recess in 
a wall, whose axis is perpendicular to the 
plane of the wall; having the seat of the 



60 



SHADOWS. 



sun's rajs on the ichnography and eleva- 
tion. 

Let Fig. 1, be the elevation of the wall, and C D the 
diameter of the cylindrical recess ; and let E F G H be 
the ichnography ; bisect CD at a; draw A a perpen- 
dicular to E H, cutting it at A ; through A draw A B 
parallel to the seat of the sun's rays on the ichnography, 
cutting F G at B ; through B draw B b parallel to A a ; 
and through a draw a b parallel to the seat on the eleva- 
tion, cutting B 6 at 6 ; then on B as a centre with one 
half of C D, describe a part of a. circle, as is shown by 
the dark line, and it will be the edge of the shadow. 

Much in the sarae manner may the shadow of a recess, 
which has a back parallel to the plane of the wall, be 
found ; as is shown at Fio. 2. 

PROBLEM m. 

na 8. 

To find the shadow of a recess constructed as 
in Fio. 2j when the sides of the ichnography 
are inclined to the intersection of the two 
planes of the ichnography and orthography 
given, the intersection of a number of planes 
passing through the luminary perpendicular 
to the plane of the elevation. 

Let Z 6, W Y, T Y, and Ct S, be the intersection 
of as many planes passing through the sun perpendicular 
to the elevation, and let Q R be the projection of one 
of the sun's rays on that plane ; also let H I be the 
seat of the sun on the ichnography, cutting the back F 
G, of the elevation at I ; from I draw I N perpendicular 



to I cf, the common intersection of the ichnography and 
orthc^raphy ; from M draw M N parallel to Q R, cut* 
ting 1 N at N ; through N draw N O parallel to M U ; 
on O as a centre, and with the distance O N, describe 
the arc N R, cutting the side of the recess at R ; through 
the points S, V, Y, 6, draw S R, V U, Y X, and b a, 
parallel to I d; and through the points Q, T, W, Z, 
draw the lines Q, R, T T, W X, and Z a, cutting the 
lines S R, V U, Y X, and B a, at the points U, X, a ; 
then through the points R, U, X, a, draw the curve R 
U X a, and the line I N R U X a, w'dl be the edge of 
the shadow required. 
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PROBLEM TV. 



FIG. 4, 



To find the shadow of a hemisphere niche; 
given the seat and altitude of the sun's rays 
on the elevation. 

Let I N, G Y., E L, and C O, be lines parallel to the 
seat of the sun's rays ; and on these lines, as diameters, 
describe semi-circles IK N, G H M, and E F L ; draw 
the line A B, bisecting C ; from any of the points C, 
E, G, I, as C, make the angle O G D, equal to the sun's 
altitude, cutting the side of the niche at D ; through the 
other points E, G, I, draw E F, G H, and I K, parallel 
to C D, cutting the semicircles E F G, G H M, and 
I E N, at the points F H K ; through the points D, F, 
H, K, draw lines D d, F/, HA, and K &, perpendicu- 
lar to the diameters, cutting them at the points d,f, A, k ; 
and through the points, A k, h,f^ d, draw a curve, which 
will be the edge of one half of the shadow, from which 
the other half may be drawn, as is shown by the figure ; 
J and this will give the shadow complete. 



OBSERYATIGNS. 



1 have given one example of the efiect of light and 
shade on mouldings of different curvature ; I shall en- 
deavor to show the effect of light and shade also, on 
many other exampled, especially on the five orders of 
Architecture* 



From what has been said on this subject, many practi' 
cal and useful rules in shadowing, may be deduced ; but 
as I have far exceeded the bounds first assigned for this 
part, I must end with observing, that from a considera- 
tion of the foregoing .examples, the shadows of all ob- 
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jects, however complicatedj may be found, as every ob- 
ject may be considered as compounded of pri3ras, cylin- 
ders, spheres, and annuluses ; therefore, each purt being 
projected separately, according to the rules for ils particu- 
lar kind of figure, the projection of all the shadows in 
that object will be completed. 

Although I have given correct methods for shadow- 



ing, I have no reason to think that the artist will always 
be at the trouble to project his shadows, for as drawings, 
in general, are shadowed to an angle of forty-five degrees, 
and as I have made choice of that angle, he will still find 
these examples to be his only guide in practice, as all 
the forms will be sufficiently near when copied by the 
eye, and drawn by the hand of a judicious artist. 
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FOLIAGE. 



[Both the elements and compoeition of Foliage are here considered, and illustrated by plates. The examples are taken from the remains of 
the most esteemed buildings of Grecian and Roman antiquity. The learner is recommended to go through all the variety of ornaments exhibited 
in this department, by which means he will be enabled to apply himself to any other species, however difierent.] 



DEFINITIONS. 

1. An artificial arrangement or disposition of leaves, 
is called foliage. 

2. The subdivisions of single leaves are called raf- 
fles. The leaves which are chiefly used in architecture, 
are the acanthus, olive, parsley, laurel, and lotus. 

3. An artificiaf arrangement of leaves, branches, fruit, 
flowers^ drapery, &c., either singly or combined in any 
manner with each other, are called orilaments in archi- 
tecture. 

4. A string, consisting of flowers, fruit, leaves, and 
branches, either singly or intermixed with each other, 
and supported at the two extremes, the middle part form- 
ing itself into a curve by its gravity, is called a fes- 
toon. 

5. A curve line, which is continually changing its po- 
sition in contrary directions on the same side of it ; that 
is, first concave and then convex, concave again and then 
convex again, and so on alternately, in this manner, to 
any number of curves of contrary flexure, is called a ser- 
pentine line. 

6. If from a stalk, in the form of a serpentine line, a 
number of branches issue out, twisting themselves in the 
form of spiral lines, on each side of the serpentine, in all 
the concave parts on the alternate sides of it, and if these 
spirals and the stalk be decorated with foliage ; a compo- 
sition, so formed, is called winding foliage. 



PROBLEM I. 

To draw Ornaments. 

The learner should, in the first place, draw a great 
variety of curve and spiral lines of different descriptions, 
and compare these figures with each other ; by which 
means he will be able at sight to distinguish each partic- 
ular species of curve from another: then he ought to en- 
deavor to imitate, with precision, the same things by hand 
in every variety of position which he can suggest to him- 
self, and hence he will acquire a freedom of hand in every 
direction. When he proceeds to copying leaves, a gen- 
eral outline ought to be drawn, circumscribing the whole 
leaf; he should then form outlines of all the raffles, and 
round every compartment, circumscribing all the different 
sets of points or raffles ; and afterwards proceed to draw 
the raffles themselves. 

The learner having, after sufficient practice in copying, 
acquired a freedom of hand, he is advised to draw from 
nature a variety of such things as will be most suit- 
able for the purposes to which they arc to be applied. 
By so doing, the parts of his compositions will always 
appear rich and natural ; and hence he will obtain a great- 
er facility of invention. Having had sufficient practice 
in drawing from nature, he may then apply himself to the 
designing of ornaments ; for which purpose he will find the 
first part of the problem, viz. that of drawing curve and 
spiral lines by hand, to be of the utmost utility in form- 
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ing the general outline of his design ; and for finishing 
the smaller parts, such as raffles, flowers, fruit, &c., he 
must apply the knowledge he has acquired in drawing 
from nature, which will complete his composition. 



LEAVES. 

Of the acanthus, or bear's-breech, or brank-ursinae, 
there are several species. 

1. The mollis, or common bear's-breech, a native of 
Italy. 

2. The spinosus, or prickly bear's-breech, the leaves 
of which are deeply jagged in very regular order, and 
each segment is terminuted with a sharp spine, as is also 
the complement of the flower, which render it trouble- 
some to handle them. 

3. The ilictfolious, or shrubby bear's-breech, grows in 
both the Indies. It is an evergreen shrub, which rises 
about four feet high, and is divided into many branches, 
garnished with leaves like those of the common holly, 
and armed with spines in the same manner ; the flowers 
are white, and shaped like those of the common acanthus, 
but smaller. 

4. The nigra, or Portugal bear's-breech, with smooth 
sinuated leaves, of a livid green color. 

5. The middle bear's-breech, with entire leaves, hav- 
ing spines on their borders. 

EXAMPLE. 

Plate 26 shows the method of beginning to draw leaves, 
as given in the general Problem I. 

Suppose it were required to draw or copy Plate 27, 
either of the same size, or in any other ratio to it. 
Tirst inspect Plate 27, and draw with a pencil a faint 
curve line, circumscribing the contour, or general outline 
of Fig. 1 ; then describe curve lines similar to it, as at 
Fig. 1, Plate 26 ; then draw lines faintly with a pencil, 
circumscribing the compartments or divisions of Fig. 1, 
Plate 27 ; then draw lines in a similar manner, as at Fig. 
1, Plate 26, observing that all the parts are similar to Fig. 
1, Plate 27 ; next draw the raffles and veins in the com- 
partments of Fig. 1, Plate 26 ; and, lastly, with a pen, 
draw in ink, all the parts of the leaf represented by Fig. 
1, Plate 27 ; then rub your drawing clean ; the pencil 



lines will be rubbed out, and the ink lines will t>e left, 
and will represent a figure similar to Fig. 1, Plate 27. 

This explanation will be sufficient for all the follow- 
ing examples, however dissimilar they may be. In the 
following descriptions, it will be only necessary to men- 
tion the names of the buildings firom which the examples 
were taken. 

PLATE 27. 

Fig. 1 is taken from the arch of Adrian, at Athens. 
No. 1. The profile of Fig. 1. 

Fig. 2. From the monument of Lysicrates, at Athens, 
commonly called the lantern of Demosthenes. 
No. 2. Profile of do. 

PLATE 28. 

Fig. 1. From the temple of Pola, in Istria. 
No. 1. Profile of do. 

Fig. 2. From the arch of Adrian, at Athens. 
No. 2. A profile of do. 

Fig. 3. Elevation of a leaf taken from the capitals of 
the columns on the Baths of the Dioclesian, at Rome. 
No. 3. Profile of do. 



ROSES IN THE CAPITALS OF COLUMNS. 



PLATE 29. 

Fig. 1. Elevation of the rose in the abacus in the 
temple of Vesta, at Tivoli. 

Fig. 2. The elevation of a rose taken from the temple 
of Jupiter the thunderer, at Rome. 

Fig. 3. Elevation of a rose from the abacus of the 
capitals of the temple of Vesta, at Rome. 

Fig. 4. Elevation of a rose in the abacus of the capi- 
tals of the pilasters of the frontispiece of Nero, at 
Rome. 

PLATE 30. 

Fig. 1. Elevation of aTose in the abacus of the cap- 
itals of the arch of Titus, at Rome. 
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FliS. A, Elevation of a rose in the abacus gf the cap- 
itals of the Pantheon, at Rome. 

Figs. 2 ifc 3, are designs for the ornaments of modil- • 
lions in cornices or corner pieces for pilasters. 

PLATE 31. 

Fig. 1, the outline, and Fig. 2, the shadowed leaf 
taken from a frontispiece. 

PLATE 32. 

Fig. 1. From the portico of the temple of Antonius 
and Faustina, at Rome. 

Figs. 2, 3 & 4. For corners and centres of panhels. 



ORNAMENTS FOR MOULDINGS. 



PLATE 33. 
No. 1. A general outline of Example I. 



No. 2. The outline of Example II., from the cyma- 
tium of the temple of Minerva Polia?, at Priene. 

Example 3. From the cima-recta in the cornice of 
tlie' tomple of Baccbns, at Teos. 

EYamj)le 4 From the cima-recta of the cornice of the 
temple of Peace, at Rome. 

PLATE 34. 

Fig. Iv From the arch of Titus, at Rome. 

Fig. 2. From an impost moulding in the arch of Sep- 
timius Se/erus, at Rome. 

" FiG> 3. From the cima-recta of the cornice of the 
frontispiece of Nero, at Rome. 

PLATE 35. 

Fig. 1. The side, and Fig 2, the front of a key stone 
of the arch of Septimius Severus, at Rome. 

Fig. 3. The ichnography of the modillion in the cor- 
nice of the temple of Jupiter Stator, at Rome. 

Fig. 4. Side of the modillion in the cornice of the 
portico of the Pantheon, at Rome. 

Fig. 5. Ichnography of do. inverted. 
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DEFINITION OF THE GRECIAN ORDERS. 



[The Doric, the Ionic, and the Corinthian were the only orders of architecture employed by the Greeks. The Tuscan and Composite were 
used only in Italy : the one more rude, the other more ornamented than the Greek orders, which occupied a middle rank. To attain, tlierefore, 
a proper knowledge of the true principles of architecture, the student should devote most of his attention to the three Greek orders ; not only be- 
cause in them these principles are the most displayed, but because of all the monuments of antiquity, which have subsisted to modem times, few, 
or perhaps none, can be pointed out, in which the Roman or Italic mode of construction is certainly to be traced.] 
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1. Ip any number of frustrums' of cones, or frus- 
trums of conoids of similar solids, and equal magnitudes 
with each other, be so arranged that their bases, which 
are the thickest ends of the frustrums, may stand upon 
or in the same horizontal plane, and their axes in the 
same plane with each other, and perpendicular to the hor- 
izon ; and if on the tops of these frustrums be laid 
a continued beam : and if over this beam be laid the 
ends of a number of equidistant joists, the other ends 
being either supported in the same manner, or by a 
wall, or any piece of building whatever, so that the upper 
and under surfaces may be in the same horizontal planes ; 
and if over the ends of these beams, be laid another 
beam parallel to the former, which lays upon the frus- 
trums, but projecting farther out from the axis of the 
columns than the vertical face of the lower beam, which 
is over the frustrums ; and if this beam supports the 
ends of rafters, whose upper surfaces lay in the same 
inclined plane, so as to support a covering or roof: the 
whole of this mass, together with the frustrums support- 
ing it, is called an order. 

2. If the bottom or lower end of the frustrum finish 
with an assemblage of mouldings, projecting equally all 
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round beyond the bottom of the frustrum, then this as- 
semblage is called a base. 

3. If the upper end of the frustrum finish with mould- 
ings, or any kind of ornaments, and if these ornaments 
or mouldings be covered with a solid, whose upper end 
and lower sides are squares, and the vertical or perpen- 
dicular sides rectangles, then this solid, together with the 
ornaments or mouldings under it, is called a capital. 

4. If the frustrum has no base, then the capital and 
frustrum together, is called a frustrum column ; but if the 
frustrum has a base, then the base, frustrum, and capital, 
taken together, are simply called a column. 

5. The mass supported by the columns, is called an 
entablature. 

6. The under beam of the entablature, is called an 
architrave, or epistylium. 

7. The space comprehended between the upper side 
of the epistylium, or architrave, and the under edge of 
the beam over the joists, is called the frieze or zopho- 
rus. 

8. The edge, or profile, of the inclined roof, supported 
by the joists, or cross beams, jetting out beyond the face 
of the zophorus, or frieze, is called a cornice. 
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9. The lowest or thickest part of a column, is called 
the diameter of the column. 

10. Half of the diameter of the column h called a 
module. 

11. If a module be divided into thirty, or any o(her 
number of equal parts, then these parts are called 
minutes. 

12. The shortest distance from the bottom of the 
frustrum of one column, to the bottom of the frustrum of 
the next column, is called the intercolumniation. 

13. When -the intercolumniation is one diameter and 
a half a column, it is called pycnostyle, or columns thick 
set. 

14. When the intercolumniation has two diameters of 
the columns, then it is called systyle. 



15. When the space between the columns is two 
diameters and a quarter, then the intercolumniation is 
called eustyle. 

16. When the intercolumniation is three diameters of 
the columns, then it is called decastyle. 

,17. When the distance between the columns has four 
diameters of the columns, then that intercolumniation is 
called araeostyle, or columns thin set. 

18. When there are four columns in one row, then 
that number is called tetrastyle. 

19. When there are six columns in one row, then it 
is called hexastyle. 

20. When there are eight columns in one row, then it 
is catted "octastyte.— * - — 
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GRECIAN ARCHITECTURE. 

CORINTHIAN ORDER. 

{From the Chora gic Monument at Lysicrates.) 
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On the architrave of this monument was the foUoxjoing inscription: 

** Ltiicrates, of Kiktita, thx son of Lisitheides, was CH0RA6V8, {or gave the chorus at his own expense,) 

The tribe of Akamantis obtained the victort in the 

CHORUS OF boys. ThEON WAS THE PERFORMER ON THE FLUTE ; LySAOES, AN ATHENIAN, WAS THE 

TEACHER OF THE CHORUS. EvAENATUS WAS ARCHON." 

From this we eonclade that on some solemn festival, which was celebrated with games and plays, Lysicrates, of Kik3ma, a demos or borough- 
town of the tribe of Akamantis, exhibited, at his own expense, on behalf of the tribe to which he belonged, a musical or theatrical entertainment, 
in which the boys of Akamantis obtained the victory ; also, that in commemoration of the victory, this monument was erected to perpetuate the 
same to posterity, by the name of the archon, or magistrate in whose time this took place. It appears that the building was erected about three 
hundred and thirty years before the Christian era, in the time of Demosthenes, Apelles, Lysippus, and Alexander the Great The Tripod seems to 
have been the peculiar reward bestowed by the people of Athens on that choragus, who exhibited the best musical or theatrical entertainment ; 
and we find this particular custom obtained for these tripods the name of chonigic tripods. It was customary for the victor to dedicate the tripod 
he had won, to some divinity, and to place it either on one of the temples already built, or on the top of some edifice erected and consecrated by 
him for the purpose. Thus they participated of the sanctity of the place, uad were secured from injury or violence. 

A tripod thus dedicated was always accompanied with an inscription ; no that it became a permanent, authentic, and public monnment of the 
victory, and of the person who had obtained it. 

Stuart and Revett deduce many circumstances to prove that it was erected for the above purpose, which appears rational and conclusive. 



DESCRIPTION. 

The Choragic MonuiTient of Lysicrates, which we 
are ahout to describe, is commonly called by the mo- 
dern Athenians, * to phanari tou Demosthenios,^ or the 
lantern of Demosthenes. 

This monument of antiquity, which is exquisitely 
wrought, stands near the eastern end of the Acropolis, 
and is partly enclosed in the hospitium of the Capuchins. 
It is composed of three distinct parts ; first a quadrangu- 
lar basement ; secondly a circular colonnade of which 
the intercolumniations were entirely closed, and thirdly 
a tholus or cupola with the ornament that is on it. 
There is no entrance or aperture in the basement, which 
is entirely closed on every side. The basement supports 
the circular colonnode, and was constructed in the follow- 
ing manner. Six equal panels of white marble placed 
contiguous to each other, on a circular plan, formed a 



continued cylindrical wall, which was divided from top to 
bottom into six equal parts by the junction of the panels. 
On the whole length of each juncture was cut a semi-circu- 
lar groove, into which a Corinthian column was fitted with 
great exactness, so as effectually to conceal the junc- 
tures of the panels.* These columns projected some- 
what more than half their diameters from the surface of 
the cylindrical wall, and have the attic base. The 
shaft of the column is fluted in a singular manner ; it con- 
tains thirteen flutes ; the lower extremities of these flu- 
tings descend below their usual limits, and are cut into 
the apophyges, or scape of the column, and the upper 
extremities terminate in the form of leaves ; the annular 
channel, immediately above them, which divides the 
shaft of the column from the capital, was probably filled 
with an astragal or collarino of bronze. Under this ter- 

* The two tripods are wrought in Basso-relievo on each of the panels; 
tbej are probably of the kind described by Homer and Hesoid. 
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mioated the fluting in the form of an annular tier of 
leaves, turning outward from the shaft of the column. 

This capital exhibits a specimen of the Grecian art. 
The annular tier of leaves springing from the neck in form 
of the palm, the acanthus forms the second tier with the 
flowers. In the third tier is shown the beautiful branches 
and the scrolls, terminating under the angular extremity 
of the abacus, the points of which are cut short ; it in this 
respect, as well as in the disposition of the foliage differs 
considerably from any other example of the Grecian Co- 
rinthian capitals. 

The entablature. The architrave is divided into four 
divisions, the band or ogee and three parallel planes or 
faceas projecting ^ne over the other; the lower edges 
stand out one or two degrees from a perpendicular line. 

The frieze of this entablature is ornamented with sculp- 
ture representing the story of Bacchus and the Tyrrhenian 
pirates. The figure of Bacchus himself, the fauns and the 
satyrs who attended on the manifestation of his divinity, 
the chastisement of the pirates, their terror and their 
transformation into dolphins, are expressed in this Basso- 
relievo with great spirit and elegance. 

The cornice is very plain, composed of dentals and 
plain mouldings, in the place of the cyma or cymatium, 
having an upright front ; it is ornamented with scrolls and 
honey-suckle foliage in baaso-relievoiin the Yitruvian style. 
This cornice is composed of several pieces of white 



marble, and bound together by a cupola of one entire 
piece. 

The cupola is ornamented with elegant workmanship ; 
its covering imitates that of thatch or of laurel leaves ; 
the teret standing directly over the wall resembles a Yitru- 
vian scroll ] next above the laurel leaves, the covering of 
the dome, spring three scrolls at equal distances from each 
other, in imitation of those branches in the capital shown 
in this plate. The flowers that ornament the top, rise from 
the centre, and are composed of workmanship of foliage, 
which terminate in three divisions of scrolls, of great 
richness, on the top of which it is believed was supported 
the tripod gained as the prize, from the circumstance that 
cavities are cut on the three principal projections in an 
equilateral triangle, into which the feet of the tripod were 
probably fixed, and in the fourth cavity, which is in the 
centre, and much the largest, was erected a baluster to 
support the tripod. 

PLATE A. FIG. 1. 

This figure represents the elevation of the Grecian Co- 
rinthian order, from the choragic monument of Lysicrates, 
proportioned to modules and minutes. 

Fig. 2. The inverted projection of the cornice. 

Fig. 3. The base is attached to the basement. 

Fig. 4. The capital inverted. 
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GRECIAN DORIC. 



[The first Grecian order, in point of antiquity, is the Doric, so called from the Dores, a small tribe in Greece ; or, as some say, from Doms, 
an Achaian chief, who first employed the order in erecting a temple to Juno, at Argos.] 



DEFINITIONS. 

1. If a plane, ABCDEFGE, one side of which 
A B is a straight line, B C and A E, at right angles 
to A B ; and if C D be an ovolo, D, E, and F, fil- 
lets; F G a hollow, and G E, a straight or conyex 
curve line ; so that no part of it between the points G 
and E, may be farther distant from A B than E is 
from A B ; then if this plane, so constructed, be turn- 
ed round the line A B, it will generate a round solid, 
and if a parallelopiped, the two ends of which are 
equal squares, each side of these squares being a lit- 
tle more than twice B C, and the other four sides 

« 

equal rectangles; then if this parallelopipied be fixed 
upon the end of the round solid, so that one of its 
square ends be fixed upon the end generated by B C, 
and the angles of the square to project equally over 
the round solid, then a solid so constructed is called a 
column. 

2. The paraUelopiped fixed on the top, is called an 
abacus. 

3. The figure, or annulus, generated by the echinus D 
G, is called also an echinus. 

4. The annuli generated by the fillets D, E, and F, 
are each of them called an annulet. 

6. That part of the column or the frustrum, gene- 
rated by the curve line G E, is called the shaft of the 
cdomn. 
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6. If, through the axis of the shaft, be supposed 
to pass twenty vertical planes, making equal angles 
with each other, which will cut the surface of the 
column in twenty places ; and if the surface of the 
column be curved or hollowed between each two 
lines, from the bottom to the top of the shaft, termi- 
nating immediately under the lowest annulet ; then the 
shaft will have twenty curved sides, and as many 
angles ; and if nearly at the upper end of the shaft be 
cut one or more grooves of an equal depth, from the 
surface of the hollowing, each groove being parallel to 
the annulets under the echinus, then a column so f<»rm- 
ed is called Doric. 

7. That part of the column contained between the 
upper channel and the lower annulets, is called the hy- 
potrachelion, neck, or freize of the capital. 

8. That part of the Doric column, comprehending the 
abacus, echinus, annulets, and hypotrachelion, is called 
a Doric capital. 

9. If the ends of the cross beams in the frieze, which 
lay upon the architrave, be at right angles to the sides of 
the beams, and parallel to the front or the architrave, 
and if the two vertical right angles of each beam, form* 
ing by the two vertical sides, and the ends be cut away 
by vertical planes, making equal angles with the sides 
and ends, — that is, 135 degrees with each ; and if two 
other vertical channels are cut on the end, so that the 
planes; which are three in number, left on the ends of 
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each beam, may be equal rectangles, and the two sides 
of each channel make 135 degrees, with the ends of the 
joists, and are so disposed that there may be a rectangle 
next to each semi-channel, and then two whole chan- 
nels, leaving a rectangle in the middle ; the end of the 
beam, so formed, is called a triglyph. 

10. If the spaces between the triglyph be filled up 
with planes parallel to the front of the triglyphs, or to the 
front of the architrave ; and if these planes be in the 
same plane with each other, and recessed beyond the 
ends of the triglyph, so as to show a small part of the 
vertical sides of the beams ; that is, to be further in than 
the channels of the triglyph ; then these spaces so filled 
up, are called metopes. 

11. If the front of the beam, which supports the raft- 
ers that lay upon the joists, project at some distance be- 
yond the face of the triglyph, the plane of the front being 
parallel to the ends of the beam ; and if a recess be cut 
from this beam directly over the metopes, the plane of 
the front of the recess being parallel to, and having a 
small projecture over the metopes, and the ends of the 
recesses over the metopes, be in the same plane with the 
vertical sides of the beam ; then that part of the front of 
the beam over the triglyph, is called the capital of the 
triglyph. 

12. The whole face of the work comprehended be- 
tween the upper edge of the beam which forms the capi- 
tal of the triglyphs, and the lower end of the triglyphs 
and metopes, is called a Doric frieze. 

13. If from the top of the architrave, project a fillet, 
whose upper edge is in the same plane with the top of 
the architrave, or the lower end of the triglypli, the front 
of the fillet being a vertical plane, parallel to the front of 
the architrave, having a small projecture beyond the front 
of the triglyph ; this fillet being supposed to be continued 
the whole length of the architrave, and returning in the 
same manner round'its ends ; and if fillets be placed un- 
der this fillet, whose fronts stand a little within the front 
of the upper fillet, but projecting beyond the face of the 
architrave, and the ends of these fillets, in the same 
plane with the sides of the triglyph, and consequently 
each fillet equal in length to the breadth of the triglyph ; 
and if under each of these fillets be fixed six equal semi- 
lar frustrems of cones, at equal distances from each oth- 
er, whose axes are perpendicular to the horizon, and the 
same distance from the face of the architrave, so that the 
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extremities of these frustrums may not reach beyond the 
perpendicular of the ends of the fillets above them ; then 
the front of the architrave, so formed, is called a Doric 
architrave. 

14. The upper fillet of the Doric architrave, is called 
a ^enia. 

15. The fillets under the tenia of the Doric architrave, 
are each of them called a regula. 

16. The little conical frustrums under each regula, 
are called guttai, or drops. 

17. The plain part of the architrave under the tenia 
and regula;, is called facia. 

18. If over the capitals of tlie triglyph be laid another 
beam, whose front is piirallel to the metopes, or to the 
front of the triglyphs in the frieze, haviijg a small pro- 
jecture from the front of the metopes ; and if over this 
beam be laid the ends of the rafters which support the 
covering, the ends having a projecture forward and par- 
allel to the beam under them ; one rafter over each trig- 
lyph, and also one over every metope, placed directly in 
the middle of each ; that is to say, a vertical plane per- 
pendicular through the middle of every metope, and also 
through the middle of every triglyph, would pass through 
the ends of all the rafters, and divide them into two equal 
rectangles ; and if over the rafters be laid a beam, the 
front of which, being a plane parallel to the ends of the 
rafters, has a projecture ; and if the void spaces between 
each two rafters, and the under side of the beam above 
the rafters and the upper side of the beam below the 
rafters, be covered in, so that the front of the spaces so 
covered may be in the same vertical plane with the 
face of the beam under the rafters ; then those ends of 
the rafters, projecting over the face of the beam under 
them, are called mutules. 

19. If to the under side of the mutules be hung three 
rows of small conical frustrums, of the same size as those 
under the regulae of the architrave, so that there may be 
six in length in each of the rows, and three in width ; 
then these conical frustrums are also called guttae, or drops, 
as those in the architrave. 

20. The front of the beam lying over the mutules, is 
called corona, or drip, or larmier. 

21. The under side of the beam, lying over the mu- 
tules, if called soffit, or lacunar. 

22. A building, whether of wood or stone, or any 
other material, having columns supporting an entablature 
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each beam, may be equal rectangles, and the two sides 
of each channel make 135 degrees, with the ends of the 
joists, and are so disposed that there may be a rectangle 
next to each semi-channel, and then two whole chan- 
nels, leaving a rectangle in the middle ; the end of the 
beam, so formed, is called a triglyph. 

10. If the spaces between the triglyph be filled up 
with planes parallel to the front of the triglyphs, or to the 
front of the architrave ; and if these planes be in the 
same plane with each otlier, and recessed beyond the 
ends of the triglyph, so as to show a small part of the 
vertical sides of the beams ; that is, to be further in than 
the channels of the triglyph ; then these spaces so filled 
up, are called metopes. 

11. If the front of the beam, which supports the raft- 
ers that lay upon the joists, project at some distance be- 
yond the face of the triglyph, the plane of the front being 
parallel to the ends of the beam ; and if a recess be cut 
from this beam directly over the metopes, the plane of 
the front of the recess being parallel to, and having a 
small projecture over the metopes, and the ends of the 
recesses over the metopes, be in the same plane with the 
vertical sides of the beam ; then that part of the front of 
the beam over the triglyph, is called the capital of the 
triglyph. 

12. The whole face of the work comprehended be- 
tween the upper edge of the beam which forms the capi- 
tal of the triglyphs, and the lower end of the triglyphs 
and metopes, is called a Doric frieze. 

13. If from the top of the architrave, project a fillet, 
whose upper edge is in the same plane with the top of 
the architrave, or the lower end of the triglyph, the front 
of the fillet being a vertical plane, parallel to the front of 
the architrave, having a small projecture beyond the front 
of the triglyph ; this fillet being supposed to be continued 
the whole length of the architrave, and returning in the 
same manner round'its ends ; and if fillets be placed un- 
der this fillet, whose fronts stand a little within the front 
of the upper fillet, but projecting beyond the face of the 
architrave, and the ends of these fillets, in the same 
plane with the sides of the triglyph, and consequently 
each fillet equal in length to the breadth of the triglyph ; 
and if under each of these fillets be fixed six equal semi- 
lar frustrems of cones, at equal distances from each oth- 
er, whose axes are perpendicular to the horizon, and the 
same distance from the face of the architrave, so that the 



extremities of these frustrums may not reach beyond the 
perpendicular of the ends of the fillets above them ; then 
the front of the architrave, so formed, is called a Doric 
architrave. 

14. The upper fillet of the Doric architrave, is called 
a tenia. 

15. The fillets under the tenia of the Doric architrave, 
are each of them called a regula. 

16. Tlie little conical frustrums under each regula, 
are called guttie, or drops. 

17. The plain part of the architrave under the tenia 
and regula*, is called facia. 

18. If over the capitals of tlie triglyph be laid another 
beam, whose front is parallel to the metopes, or to the 
front of the triglyphs in the frieze, having a small pro- 
jecture from the front of the metopes ; and if over this 
beam be laid the ends of the rafters which support the 
covering, the ends having a projecture forward and par- 
allel to the beam under them ; one rafter over each trig- 
lyph, and also one over every metope, placed directly in 
the middle of each ; that is to say, a vertical plane per- 
pendicular through the middle of every metope, and also 
through the middle of every triglyph, would pass through 
the ends of all the rafters, and divide them into two equal 
rectangles ; and if over the rafters be laid a beam, the 
front of which, being a plane parallel to the ends of the 
rafiers, has a projecture ; and if the void spaces between 
each two rafters, and the under side of the beam above 
the rafiers and the upper side of the beam below the 
rafters, be covered in, so that the front of the spaces so 
covered may be in the same vertical plane with the 
face of the beam under the rafters ; then those ends of 
the rafters, projecting over the face of the beam under 
them, are called mutules. 

19. If to the under side of the mutules be hung three 
rows of small conical fruntrunis, of the same size as those 
under the regular of the architrave, so that there may be 
six in length in each of the rows, and three in width ; 
then these conical frustrums are also called guttaj, or drops, 
as those in the architrave. 

20. The front of the beam lying over the mutules, is 
called corona, or drip, or larmier. 

21. The under side of the beam, lying over the mu- 
tules, if called soffit, or lacunar. 

22. A building, whether of wood or stone, or any 
other material, having columns supporting an entablature 
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GRECIAN DORIC. 



ovei ibem, as described in the preceding definitions; 
Buch a. building, so constructed, is said to be of the Doric 
Order. 

Having defined the ''principal parts of this order, it 
may not be improper to observe, that the Doric order 
baa in general more mouidinga in the cornice; but as 
these vary in different buildings, and as the members 
already described, form jts most striking features, l 
would hare been useless to have taken any account of 
them in the definitions. 

PROBLEM I. 

To draw the elevation of a Grecian Doric 
Order. 

Make the lower diameter of ihe sbafl of the column 
one eighth of the entire height of the order; divide the 
diameter of the column into two equal parts, then one 
of these parts is a module ; divide ibe module into thirty 
equal parts, and each of these parts will be a miunte ; 
make the height of the column twelve modules, the 
height of the capital one module ; divide ilie height of 
the capital into five equal parts ; give one to the hypo- 
traclielion, and two parts to the annulels and echinus ; 
make the annulets one quarter of the echinns, and the 
remaining two parts to the abacus: make the upper diam- 
eter of the shaft three quarters of the lower diameter of 
the shaft; the kngih of each side of the abacus two 
modules and one fiflli,ortwo modulesand twelve minutes; 
the height of the enlaltlalure will be four modules, of 
which the height of ihe cornice will have one module, 
and the frieze, and architrave, each forty-five minutes, or 
one module and a half; divide the height of the frieze 
into eight parts : give the upper one (o the capital of 
the triglypb, and the three lower for the channels ; make 
one edge of the triglypb in the columns at the angles of 
the building, directly over the axis of the column, the 
breadth of the triglyph twenty-eight minutes, having the 
olher edge of the triglyph direcily at the angle of the 
building; and make the distance between the triglyph, 
or width of the metopes, equal to the height of the frieze, 
forty-two minutes; place all the columns between the two 
extreme ones, directly under the middle of the triglypha. 
Wake the height of the tenia one tenth of the height of 
the epistilium ; and the height of the regula, together 
with the guttse, equal to the height of the tenia. The 



height of the cornice being one module, make the hei gh 
of the small bead on the lower part of the cornice one 
minute ; the height of the mutules, including the gutlee, 
four minutes and a half ; the length of the mutules equal 
to Ihe breadth of the (riglyphs, and their projection beyond 
the faces of the triglyphs, two thirds of their length, 
observing that one should he directly over the middle of 
every triglyph, and one over the middle of every metope ; 
make a fillet above the mutules one minute and a half 
high, to project Ijeyond the mutules half a minute over 
this fillet ; make (he height of the corona one third of a 
module, or ten minutes, having a projecture over the fillet 
one minute; make the height of the smaU echinus one 
minute and a quarter ; over the echinus, make a fillet of 
the same height; over the fillet, make another echinus 
six minutes and a half high, and two minutes will re- 
main fur the height of the fillet above the echinus. 

In order to establish the proportions and true taste of 
the original Doric Order, the following examples are 
taken from the most celebrated buildings now remaining 
of this order. The module is divided into thirty parts, 
or minutes; the measures are all numbered in these 
parts ; the projections are reckoned from a line represent- 
ing the asis of the column, and are figured at the ex- 
tremities of each member. 



PLATE 36. 

ELEVATION OP THE DORIC ORDER ON THE TEMPLE OP 
MINLRVA, AT ATHENS, CALLED PARTHENON. 

Thia temple, dedicated to Minerva, the chief goddess 
of the Athenians, is the most beautiful piece of antiquity 
remaining. It was built by Pericles, who employed 
Iclimus and Catlicratea for his architects. The entabla- 
ture is charged with historical figures of admirable 
workmanship ; the figures of the pediment, though seen 
at ao great a height, appear to he as large as fife, being in 
alto-relievo, and well executed ; the figure in the middle 
seems to have been made for Jupiter, its right arm being 
broken off, which probably held the thunder. It is likely 
that between his legs was placed the eagle; for the 
beard, and majesty and expression of his countenance, 
«nd the figure being naked, as he was usually repre- 
sented by the Greeks, sufficiently show it to have been 
n)ade for Jupiter. A his right hand is another figure, 
covered half way down the legs, coming towards blm ; 
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which perhaps was a Victory, leading the horses of 
Minerva's triumphal chariot, which follows it. The 
horses are finished with great art ; the vigor and spirit 
peculiar to those animals seem here to receive addition, 
as if inspired by the goddess they drew. Minerva, in 
the chariot, is represented rather as the goddess of learn- 
ing than of war, without helmet, buckler, or a Medusa's 
bead on her breast, as Pausanias describes her image 
within the temple. Behind her is another figure of a 
woman sitting. The next two figures in the corner, are 
the Emperor Hadrian, and bis Empress Sabina. On 
the left hand of Jupiter are five or six figures, which 
appear to be an assemUy of the gods, where Jupiter in- 
troduces Minerva, and acknowledges her his daughter. 

The pediment at the other end of the temple was 
adorned with figures, expressing Minerva's contest with 
Neptune, about who should name the city of Athens ; of 
which there only remains a part of a sea-horse. 

The frieze is charged with basso-relievos, of excellent 
workmanship, on which are represented the battles of the 
Athenians with the Centaurs : these appear to be as old 
as the temple itself. 

Within the portico on high, and on the outside of the 
cella of the temple, is another border of basso-relievos 
around it, at least on the north and south sides of it, 
which is without doubt as ancient as the temple, and of 
admirable workmanship, but not in so high a relievo as 
the other. On it are represented sacrifices, processions, 
and other ceremonies of the heathen worship. 

This temple is now turned into a Turkish nfiosque. 

Fig. I. Elevation of the Doric order; the proportions 
of the parts in numbers. 

Fig. 2. Ichnography^ or plan of the one quarter of the 
column. 

Fig. 3. A section through the upper part of the cor- 
nice. 



PLATE 37. 

Fig. 1. This example shows the return of the flank 
at the angle of the building. The figures in the metope 
are omitted. 

Figs. 2 and 3 show the forms of the moulding and 
upper part of the cornice. 

Fig. 4. Elevation of the capital, and of striking the 
ovolo by conic sections. 



Fig. 6. 
Fig. 6. 

size. 
Fig. 7. 



Section of one half the column. 

Section through the annulets, of a laige 

Plan of the sofiSt inverted. 



PLATE 38. 

ELiSYATION OF THE DORIC ORDER ON THE TEMPLE 

OF THESEUS, AT ATHENS. 

This temple is one of the most ancient xamples of 
(he Doric order now existing ; it was erected about ten 
years after the battle Salamine, by Cimoo, the son of 
Miltiades. The ceiling of the porch is remarkable for 
its construction : there are great beams of marble, the 
upper sides bf which are level with the bed of the cornice 
and the ends ccrresponding exactly to the triglyphs in 
the frieze, which give the idea of the disposition of the 
timbers which were first used in buildings, and from 
which the Doric order had its origin. 

This building is adorned with beautiful sculpture: the 
metopes of the frieze are charged with historical figures, 
on which are represented various exploits of Th^eus; 
the battle he had with Sinis, the notorious robber, who 
dwelt in the Isthmus of Corinth. Theseus is represented 
making Sinis undergo those torments which he bad in- 
flicted on others. 

In the basso-relievo is represented a man taking bold 
of another by his middle, and endeavoring to throw him 
down ; this is doubtless intended to represent Theseus 
throwing Sciron from a rock ; the combat of Theseus 
with the wild sow of Crommyon, which was killed by 
that hero. In another basso-relievo is represented a man 
presenting his hand to a woman, perhaps to express the 
rape of Ariana, or Helen, by Theseus. 

Some others of the basso-relievos in the metopes are 
less distinguished. The two mentioned by Pausanius 
are still to be seen on the front of the temple: one repre- 
sents the battle of the Athenians with the Amizons ; the 
other the dispute of the Centaurs and the Lapitbae, in 
which Theseus kills a Centaur with bis own hand. 

The first seems to represent the instant when the 
Athenians granted peace to the Amazons ; for (here the 
women are represented as silting* 

The inside of the temple is not ornamented like the 
outside. 
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This temple is now a Greek church, dedicated to 
St. George, and is at present in high esteem among the 
Athenians. 

Fig. 1. The elevation of the order, with the heights 
and projections of the members in numbers. 

The figures iu the metopes are omitted. 

Fig. 2. Represents the ovolo above the facia of the 
cornice. 

Fig. 3. Plan of the soffit inverted. 

Fig. 4. Plan of the ovolos and annulets of the largest 
size. 

Fig. 5. Section of one half of the column. 



PLATE 39. 

elevation op a GRECIAN DORIC, OP A LIGHTER 
PROPORTION THAN ANY OF THE PRECEDING, WITH 
THE proportional MEASURES IN NUMBERS. 

The ratio of the parts of this elevation, is the same 
as that on the portico of Philip, King of Macedon, in 
the island of Delos ; but the profile of the cornice differs 
as follows : Instead of the ovolo which I have introduced 
in this example, a cima-recta in (he original, occupies 
its place ; and instead of the next ovolo under the fillet in 
this, there is in the original a cima-reversa. The pro- 
file in this plate I conceive to be more beautiful than 
the original, as it will produce a greater variety of light 
and shade, and consequently the mouldings will be more 
clearly defined ; but as the reader may be desirous of a 
knowledge of the true form and taste of the original 
mouldings, I have shown them in Fig. 3. 

Fig. 1. Elevation, with the proportional measures in 
numbers. 

Fig. 2. A section through the upper part of the cor- 
nice, showing the form and taste of the mouldings intro- 
duced into this elevation, by P. Nicholson. 

Fig. 4. A section of the anteB of the same portico. 



PLATE 40. 



ELEVATION OF THE GRRCIAN DORIC PORTICO, AT 

ATHENS. 



Thi- exiiniple of the Doric order is built of white 






marble, and is of a much later date than any of the pr&* 
ceding example; as some inscriptions on this portico 
clearly prove that it was built in the time when Niciua 
was archon ; and Eudes, son of Herod, had the care of 
the work. 

Fig. 1. The proportion of the members of the eleva- 
tion, figured. 

Fig. 2. Soffit of the rautules and corona, inverted. 

Fig. 3. The ichnography of a quarter of the column 
at the top and bottom, showing the flutes. 



PLATE 41. 

FROM THE DORIC PORTICO, AT ATHENS. 

Fig. 1. Section through the entablature, showing the 
capital of the antse. 

Fig. 2. Section of the upper moulding of the ental>> 
lature, within the portico next to the ceiling. 

Fig. 3. Section through the capital of the ants. 



PLATE 42. 

FROM THE CHORAGIC MONUMENT OF THRASYLLUS. 

Fig. 1. The proportional measures in number 
Fig. 2. Section through the cornice. 
Fig. 3. Section through the capital. 



PLATE 43. 

To draw the flutes of the columns of the Doric 

Order. 

Divide the semi-circumference into ten equal parts : 
then with one of those parts, as a radius, and theextrem^ 
ities of any division, as at 3 and 4, describe arcs, cut- 
ling each other in C, and through O describe a circle, 
or a part} and draw lines from the centre, cutting that 
circle which will give the centres for describing the 
fluted. 
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Or thtiSjfor deeper flutes. 



Bisect any division, as 5, 6, at/; then on 5, with the 
distance 5 /, describe an arc/ D, cutting the radius pro- 
duced through 5 at D, and draw the radii through the 
points 5, 6, 7, 8, 9, 10, cutting that circle, which will 
give the centres of the flutes. 

Pig. 2. The elevation drawn from the plan Fig* 1. 



To draw the flutes of the Ionic and Corinthian 

Orders. 

Fig. 3. Divide the semi-circumference into twelve 
equal parts ; divide any division, as between 5 and 6, into 
eight equal parts, tlien with a radius of three of these 
parts, on the points 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
as centres, describe the flutes, which will leave the 
fillets. 

Fig. 4. The elevation drawn from the plan, Fig. 3. 
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THE IONIC TEMPLE. 



PLATE 44. 

[Fig. 1. A ground plan of the Temple on the Ilysms, with a portico at each end. The colomns 6 6 are wanting ; but in the place where 
they stood, circles are marked on the pavement, which are exactly of the same dimensions with the remaining columns, and were evidently de- 
signed as an accorate guide to the workmen, when they erected those columns which are now destroyed ; for which reason it was thought nec- 
essary to make these circles likewise on the plan which is here given. The capitals of the antsB, belonging to the posticus or back-front, remain 
entire, and are of the same form and dimensions with those of the portico, except only that the sides contiguous to the back wall of the cell, are 
but half so broad as the faces next to the columns ; whereas, in the ant» of the portico, the sides next the pronaos, and the faces next the 
columns, are equal. The architraves of the back-front project considerably beyond the antse, and there are sufficient remains of them, to show 
exactly how far the columns of the back-front were distant from the back wall of the cell. 

Fig. 2. The elevation of the south side of the temple. 

JVbte. The ground plan and elevation are here given as measured by Stuart and Renett, in feet, inches and decimals. 

The Ionic order derives its name from the lones, a Greek people, on the east coast of the Archipelago, whose capital was Ephesns, celebrated 
on many accounts, but particularly for the m^^gniflcent temple of Diana. If the Doric were meant to represent the manly, robust figure of Her- 
cules, the Ionic might properly be the emblem of the dignified simplicity and elegance of Diana. 

It has been already observed, in the general definitions of the orders, that every order consists of a column and. an entablature ; that every col- 
umn consists of a base, a shaft, and a capital, except in the Doric, where the base is omitted ; that every entablature consists of an architrave, a 
frieze, and a cornice ; that the base, shaft, capital, architrave, frieze and cornice, are the principal members of an order ; and that the peculiar 
mode or form of the members, determines the particular name of the order. But since many of the mouldings are common to all the orders, 
and are generated in a similar manner, what has been said in the general definition, add also on the Doric order, will render it unnecessary to 
repeat the same thbgs in the Ionic, as such mouldings cannot form any particular feature of any particular order. It is therefore shown, in the 
subjoined definitions, how these members ought to be modified, so that they may constitute the Ionic order.] 



DEFINITIONS. 

1. If from the under side of the abacus of an- order 

there project two or more spirals on each end of the 

front, in a plane, parallel to the frieze, so that the 

extremity of each shall be at the same distance from 

the axis of the column, and also two others upon the 

opposite side of the abacus, parallel to the former, and 

projecting the same distance from the axis of the column, 

so that each of the spirals shall have the same number 

of revolutions, and equal and similar to each other, the 

projecting part contained between any two spirals is 

called a volute. 

24 



2. An order which has volutes and mouldings in the 
capital of the annular kind, and the ichnography of 
the abacus square, as in the Doric order, the architrave 
finishing of plain facise, and mouldings either plain or 
enriched, the frieze a plain surface, the cornice to con- 
sist of a ci ma-recta, then a fillet and an echinus only ; 
and if to the under side of the corona are hung a row of 
equal and similar parallelopipeds equi-distant from each 
other, whose fronts are in a plane parallel to the plane of 
the frieze, then each of these parallelopipeds is called a 
den tele. 

3. An order so constructed is similar to that invented 
by the lonians, and consequently is the Ionic order. 
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PLATE 45. 

FROM THE IONIC TEMPLE ON THE RIVER ILYSSUS, 

AT ATHENS. 

The simplicit}'^ and greatness of the parts, their judi- 
cious arrangement, the beautiful turning on the volutes, 
and the graceful curve of the hem hanging between them, 
renders this one of the most beautiful and bold examples 
of this order. 

The elegant base of the column, the grand proportion 
of the entablature, the massy mouldings of the cornice, 
and the spacious surface of the frieze, well adapted for 
sculptured ornaments, and the architrave for its strengtli, 
as it is not broken in two or more facias, are considera- 
tions which should recommend this example. 

Fig. 1. The elevation of the order and details figured 
in proportional parts for practice. 

Fig. 2. A drawing of the order by dividing the whole 
height into 21 parts which are di.^poscd of in modules 
and minutes, as shown in the example ; one of the parts 
makes a module or 30 minutes. 

Fig. 3. Sliows how to form the curve of the fluting ; 
the Grecians used the ellij^sis form, while the Romans as 
uniformly made use of a semicircle as in Fig. 4. 

Fig. 4. Explained the same as Fig. 3, in Plate 43. 

PLATE 46. 

Fig. 1. The capital inverted, of the different tastes of 
forming the volutes. 

Fig. 2. The elevation of the same. 

PLATE 47. 

PROM THE TEMPLE OF MINERVA POLIAS, AT PRIENE, 

IN IONIA. 

The small projection of the cima- recta, and its great 
height, is of itself beautiful and well contrived for the 
ornament, as it is less obscured by the shadow from the 
concave and convex parts of the moulding. This small 
projecture is also well adapted for a low corona ; for the 
greater the projecture of the cima-recta, the more it will 
predominate over the corona, by the principles of optics ; 
and, on the contrary, the less the projecture of the cima- 
recta, the less it will predominate over the corano. It 
follows, therefore, that a low corona will require a cima- 
recta, of a small projecture ; but a greater height of the 



corona will require a greater projecture of the cima-recta, 
and a less height. The denteles, which are a striking 
feature in this order, show here to very great advantage, 
their bold and singular projecture greatly relieving them 
from each other. 

The architrave is well proportioned to itself, and also 
to the cornice ; the capital is elegant, and the spirals of 
the volutes are beautifully drawn. 

The surprising delicacy of the ornaments, and their 
bold relief, with the grand ratio of the parts and mould- 
ings to each other, render this one of the most beautiful 
examples of the Ionic order. 

Fig. 1. The elevation of this example, the proportional 
measures in numbers. 

Fig. 2. Ichnography of the denteles. 

Fig. 3. Profile of the mouldings in the base to a 
larger size. 

The cymatium, or crown of the architrave, was taken 
from the designs of Mr. Wood, who visited this temple 
before Mr. Rivett. 

The base of the column is true Ionic : it has no plinth ; 
the upper scotia is inverted, which diversifies and gives 
the contour a greater beauty than is the Vitruvian base, 
in which the scotia are one over the other, unin verted. 
The torus is elliplical and fluted. 

The eyes of the volutes are bored two inches and a 
half deep ; the hem, or border, with its fillets resting on 
the echinus, and connecting with a graceful curve the 
spirals of the volutes, seeming to keep them secure in 
their place, adds greatly to the beauty of this capital. 

PLATE 48. 

FROM THE TEMPLE OF MINERVA POLIAS, AT PRIENE. 

Fig. 1. Section through the cornice of the pediment. 

Fig. 2. Front of the cornice, showing the ornaments 
on the mouldings. It is remarkable that the enrichment 
of the upper moulding diflers from that on the lateral 
cornice. 

Fig. 3. The mouldings of the capital, with their pro- 
portion in numbers. 

Fig. 4. Volute, with the measure in feet, inches, and 
tenths. 

Fio. 5. A section through the upper torus of the base, 
which is of an eUiptical form, the transverse axis being 
inclined to the plane of the horizon. 
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PLATE 49. 



FROM THE SAME TEMPLE. 



Fig. 1. The elevation of the front of the capital ; to 
larger size. 
Pig. 2. The ichnography of half of the capital. 
Fig. 3. Side elevation of the same. 

PLATE 50. 

FROM THE TEMPLE OF BACCHUS, AT TEOS, IN IONIA. 

This temple was first begun of the Doric order, by 
Hermogenus; but afterwards he changed it into the 
Ionic, and dedicated it to Bacchus. 

This example is drawn from accurate measures, taken 
from that celebrated building. 

The denteles, in the cornice, add greatly to the char- 
acter of the order. 

Fig. 1. The elevation of the order. It may here be 
observed that no measures have been taken of the parts 
which are marked in this example with letters, as none 
of them could be found. They are here supplied by 
mere conjecture. 

The base of the columns. It is thought from the little 
differences between the shaft at the base, and that imme- 
diately under the capital, that the base which is here ex- 
hibited did not belong to the capital shown at Fig. 1, but 
to some of the interior columns ; for the ancients always 
made the interior ranges of columns less in diameter 
than the exterior, as is to be found in the celebrated 
Athenian buildings, the temple of Minerva and the Pro- 
pylea. 

Fig. 2. Profile of one half the front of the capital, with 



the measure of the volute and proportional measures in 
numbers. 



PLATE 51. 

FROM THE TEMPLE OF ERECTHEUS, AT ATHENS. 

This example has been reduced to a proportional scale 
in numbers. 

Fig. 1. The elevation of the order. 
Fig. 2. The elevation of the antse. 
Fig. 3. The ornamental moulding in the capitals. 
Fig. 4. The ichnogrophy of the ornamental moulding 
in the cornice at the angles. 
Fig. 5. The elevation of the same. 



PLATE 52. 

FROM THE SAME TEMPLE. 

Fig. 1. Formation of the volute, in feet, inches, and 
tenths. 

Fig. 2. Section from A to B, showing the formation 
of the face mouldings. 



PLATE 53. 

FROM THE TEMPLE OF MINERVA, AT ATHENS. 

Fig. I. Another example of a volute, showing the 
different sections and formation of the face mouldings 
thereof. 

Fig. 2. A section through A B. 



ROMAN DORIC. 



[Some architectfl have maintained, that the Doric order is nnfit for sacred edifices, by reason of its irregularity. This opinion was held by 
Tarchesins, Pytheus, and Hermogenus. The latter, after having prepared marble materials for building a Doric temple, changed the order and 
made it Ionic, dedicating it to Bacchus. The Doric order, however, is not deficient in grandeur ; but an inconvenience arises in the distribntioii 
of the triglyphs and lacunaria ; for it is necessary that the triglyphs should be placed over the middle quarters of the columns, and the metopes, 
which are between the triglyphs, must be as long as high ; also, the triglyphs at the angles are placed at the extremities, and not over the middle 
of the columns ; therefore, the metopes which are nejt tlie angular triglyphs, will not be square, but longer by half the breadth of a triglyph : 
some, who wish to make the metopes equal, lessen the extreme intercolnmniation by half the breadth of the triglyph. However, the metope, or 
the contracting of the intercolumniation, is a defect. Though the ancients have been observed to neglect exact regularity in Doric buildings, it is 
shown, in its proper place, how far we ought to follow our masters.] 



The front of a Doric temple, where the columns are 
placed, is divided, — if it be terastyle, into twenty-eight 
parts ; if hexastyle, into forty-four. One of these parts 
will be the module, which in Greek is called Embates, 
and by which all the other parts are proportioned. 

The thickness of the column must be two modules; 
the height, with the capital, fourteen ; the height of the 
capital one module, the breadth two modules and a sixth. 
The height of the capital is divided into three parts, of 
which one is given to the abacus, with the cimatium ; 
another to the echinus, with the annulets ; and the third 
to the hypotrachelion. The columns are diminished, as 
described on the pkUes. 

The height of the epislilium, with the the tenia and 
drops, is one module. The tenia has the seventh of a 
module, the length of a gutta? under the tenia coinciding 
with the perpendicular of the triglyphs — their height, with 
the regula, is, one sixth of a module ; the breadth of the 
epi:;! ilium also answers to the hypotrachelion of the col- 
umn. 

On the epi?tiliuni are placed the triglyphs with the 
metopes, iiaving the height of one module and a half, 
and tiie breadth in front one module; they must be so 
distributed, that they may be over the centre of the col- 
umns at the angles, and two between each column. The 
breadth of the triglyphs is divided into twelve equal parts, 
of which the breadth of the femur in the middle will be 



two parts ; then a channel is cut on each side of the fe- 
mur, the breadth of each channel being equal to two parts ; 
next to the channels two other femurs are left, one on the 
right, and the other on the left, each equal to the 
breadth of the middle femur, or two parts; then a part 
will remain next to the edge of each triglyph, which is 
to be cut away in the form of a semi-cliannel. On 
either side of this, channels are sunk, as if imprinted by 
the elbow of a square : to the right and left of these, an- 
other femur is formed. In the same manner, semi-chan- 
nels must be sunk at the extremities. The triglyphs 
being thus disposed, the metopes are as high as long ; 
on the angles also the semi-metopes are made half a 
module in width. 

Thus all the errors arising from the wrong distribution 
of the metopes, intercolumniations, and lacunaria, will 
be rectified. 

The capitals of the triglyphs must have one sixth of a 
module. On these capitals is placed the corona, project- 
ing a half and a sixth part of a module, having a Doric 
cimatium below, and another above ; the corona, with the 
cimatiums, are half a module in thickness. In the under 
part of the corona, perpendicularly over the triglyphs 
and metopes, the guttse are so distributed, that there may 
be six in length, and three in breadth. The spaces be- 
tween the metopes, being rather broader than the trig- 
lyphs, are either left plain, or carved with thunderbolts, 
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and at the edge of the corona a channel is cut, called 
Scotia ; all the remainder, as the tympanum, the sima, 
and corona, are the same as in the Ionic order. 

Concerning the diminution of the column according to 
Yitruvius, he gave the following rule for all kinds of col- 
umns, the Tuscan excepted. 

The diminution of the top of the column at the hypo- 
trachelion, is thus regulated ; if the column be not less 
than fifteen feet high, the thickness at bottom is divided 
into six parts, and five of these parts are given to the 
thickness at top. 

'If the height is from fifteen to twenty feet, the bot- 
tom of the 'shaft is divided into six parts aod a half, and 
five and a half of these parts make the thickness of the 
column at top ; and if from twenty to thirty feet, the bot- 
tom is divided into seven parts, and six of these make 
the diminution at the top. If it is from thkty to forty 
feet high, the bottom thickness is divided into seven parts 
and a half, of which six and a half is the measure of the 
diminution at the top. If from forty to fifty feet, it is 
divided into eight parts, whereof seven will make the 
thickness of the hypotrachelion at the top of the shaft. 

' And if it is still higher, the same proportional meth- 
od is observed ; for, as a greater height causes them to 
appear more diminished, they are therefore to be cor- 
rected by an addition of thickness ; beauty being the 
province of the eye, which, if not satisfied by the due pro- 
portion and augmentation of the members, correcting ap- 
parent deficiencies with proper additions, the aspect will 
appear coarse £md displeasing. 

' Concerning the augmentation which is made in the 



middle of columns, which the Greeks called entasis, the 
manner of forming it just and gradual is shown ' on plate 
63, Fig. 2. 



PLATE 54. 

ELEVATION OF THE DORIC ORDER, FROM THE BATHS 
OF DIOCLESIAN, AT ROME, WITH THE PROPORTIONS 

IN numbers: 

The cornice of this example is not Doric ; it is too 
abundant with mouldings, and overcharged with enrich- 
ments. 

The disposition of the triglyphs and metopes in the 
frieze is according to the rules of Vitruvius. 

The capital is not Doric, but of another kind ; nor 
could this composition be known to have the least resem- 
blance to the Doric order, if the triglyphs in the frieze 
were omitted. 

Fig. 1. The elevation of this example. 

Fio. 2. A section of the column, showing the flutes. 



PLATE 55. 

This plate shows the elevation of the Roman Doric, as 
given by Palladio. 
Fig. 1. The elevation. 
Fig. 2. The cornice inverted. 
Fig. 3. The capital inverted. 
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ROMAN IONIC. 



[< The Ionic order ii sometimes called the female order, since it is more slim and elegant than the Doric, and is thought to exhibit a matron-like 
appearance. Wherefore many of its ornaments imitate the female habit ; particularly the volates, by which the capital of the column is, as it 
were, curled. They are pecnliar to this order.'] 



PLATE 56. 

FROM THE TEMPLE OF CONCORD, AT ROME. 

This is a singular example; the cornice has mutules 
or modillions, resembling the Doric order, and also den- 
teles, as in the Ionic. There are no architrave mould- 
ings on the front of the portico of this temple, nor on 
one of its sides ; the architrave on the other side is en- 
tirely sunk within the plane of the frieze : each face of 
the capital of the column is alike ; that is, the sides are 
the same as the fronts ; the abacus is curved, each two 
volutes meet together at every angle of the abacus, which 
is not to be met with in any other antique example what- 
* ever ; the volutes in the capital are much too small, and 
the annular mouldings are too much multiplied, and too 



great for the volutes, which renders this capital clumsy, 
and its aspect displeasing to the eye ; the columns have 
no plinth, excepting the two extreme ones. This edifice 
is thought to be the temple of Concord, built by F. 
Camillus, and stands at the entrance of the Roman Fo- 
rum, near the arch of Septimius Severus. 

Fig. 1. The proportional measures in numbers. 



PLATE 67. 

Fig. 1. The ichnography of the capital inverted. 
Fig. 2. Front of the capital. 
Fig. 3. SofSt of the cornice. 

Fig. 4. The base of the columns between the two ex- 
treme columns, without the plinth. 
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CORINTHIAN ORDER 



[The Corinthian order took its rise in the flourishing days of Corinth, a celebrated city, commanding the commnnication of the penininla of 
Peloponnesos, with the continent of Greece. It is generally regarded by writers on architectnre, as being more delicate than the Ionic; and ia 
thought to resemble the graceful fignre uf a virgin. Among the ancients it had much resemblance to the Ionic : according to Vitruvins, it imitated 
that order in every part, bat in the capital of the pillar. In the introdnction to this work, we have alluded to the pretty Greek story told of the 
origin of the capital. Villapandns gives another equally dubious account of its origin ; and Aldrich conjectures, as more probable, that, as the 
shaft of a pillar represents the trunk of a tree, so the tree, being lopped and sprouting again, furnished the hint for the design of this capital. But 
however this may be, we believe it will be generally conceded that, in attempting too much, this order has deviated from the true simplicity of 
nature. It marked an age of luxury and magnificence, when pomp and splendor had become the predominant passion, but had not yet extinguished 
the taste for the sublime and beautiful. Attempts were made to unite all these characters, but a chastened judgment is not satisfied.] 



DEFINITIONS. 

1. An order which has two annular rows of leaves 
in the capital, each leaf of the upper row growing be- 
tween those of the lower row, in such a manner that 
a leaf of the upper row may be in the middle of each 
side or face of the capital ; and if between each space 
of the upper leaves there spring stalks with volutes, two 
of which meet at the angles of the abacus, and two in 
the middle of the capital, either touching or interwoven 
with each other; a capital so constructed, is called 
Corinthian. 

2. An order which has aCorinthian capital, and an Ionic 
or any other entablature, is called the Corinthian Order. 

PLATE 58. 

THE CORINTHIAN ORDER, FROM THE PANTHEON, 

AT ROME. 

This example, though plain, is yet beautiful and chaste, 
and is an excellent model of the order. 



Fig. 1. Elevation of the order in numbers. 

Fig. 2. Section of one quarter of the column next the 
capital, also a section of one quarter of the column next 
the base. 

Fig. 3. Elevation of the base of a larger size. 



PLATE 59. 

Fig. 1. Is the outline of the leaves and elevation of 
the capital, from the Pantheon, as shown in Plate 
57. 

Fig. 2. The capital inverted, showing an angle of the 
architrave. 

Fig. 3. The elevation of a leaf in the same. 

Fig. 4. The elevation of a leaf in the capital of a 
column, from the temple of Jupiter Stator, at Rome. 

Fig. 5. The side elevation of the modillion, from the 
temple of Jupiter. 

Fig. B. The modillion inverted. 
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CORINTHIAN ORDER. 



PLATE 60. 

FROM THE THREE COLUMNS IN THE CAMPO VACCINO, 
SUPPOSED TO BE THE REMAINS OF THE TEMPLE 
OP JUPITER STATOR, AT ROME. 

The engraving exhibited in this plate, of that cele- 
brated example of the remains of Jupiter Stator, is more 
accurate than any yet published ; the capital and entabla- 
ture are restored from the drawings of an artist, who was 



so obliging as to favor me with sketches of the oroamenti 
wliich he had from the original. The elegance and 
beauty of the capital ; its graceful form ; the grandeur and 
excellent proportion of the entablature, with the delicacy 
of the ornament, render this one of the most complete 
examples now existing of the Corinthian order. 

Fig. 1. Elevation of the order in numbers. 
Fig. 2. The cornice inverted, showing the enrich- 
ments of the modillions and mouldings. 
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TUSCAN ORDER. 



[The RomaoB added the Toaean, or Etroflcan, to the three Grecian orders ; aa they SDhflequently did the Composite. The idea of the' Tuh 
can is nndonhtedly derived from the Doric order, from which it differs, according to the view taken of it by AJdrich, as mnch as the appearance 
of an inhabitant of the coontry does from one of a city. There is extant no specimen of it with an entablature. It is the first of the Italic 
ciders, and is called Tuscan, as having been originally employed by that ancient people, once powerful in Italy. * Vitruviua speaks of it as 
mstic even to deformity ; nor are modem artists more favorable to it, except Palladia. * Having no complete example from antique buildings, 
that which is given in this work is taken from the description of Virtruvius.] 



PLATE 61. 

FROM VITRUVIUS, WITH THE PROPORTION OP THE 

PARTS IN NUMBERS. 

We have no complete example of this order remain- 
ing from antique buildings ; and all that we know of 
it is from the description of Yitruvius, from which 
this example is taken, and is therefore the only stand- 
ard. 

The proportions of the parts are exhibited by equal 
divisions on the plate. 

That celebrated building, St. Paul's, Covent Gar- 
den, is the only true specimen' there is of the Tuscan 
order in England. It may be adapted with great pro- 
priety to Market Places, as the simplicity of its parts, and 
the extraordinary projection of the cornice, render it suit- 
able for that purpose. 

Fig. 1. Elevation of the order from Yitruvius. 
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Fig. 2. The ichnography of the mutules in the cor- 
nice. > 

Fig. 3. Profile of the upper part of the cornice. 

The column is seven diameters high ; the base and 
capital are each half a diameter; the base is divided 
into two equal parts, one of which is given to the plinth, 
the other to the torus and fillet ; divide the capital into 
three equal parts, give one to the hypotrachelion, one to 
(he ovolo and fillet, and the upper one to the abacus. 
The mutules in the cornice are to project one fourth of 
the length of the column. 

Fig. 4. A modern example of the Tuscan drder, with 
the proportional measures in numbers. 



To diminish the shaft of a column. 

Fig. 2. Describe the semi-circle a a, at the bottom 
of the shaft. Draw a straight line through one extremi. 
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TUSCAN ORDER 



ty of the upper diameter to meet the arc of the semi- 
circle in 1 ; divide the arc cat off by this line into five 
eqaal parts. Divide also the axis into five equal parts, 
making the points of divisions 12 3 4; and draw the 
lines 1 1, 2 2, 3 3, 4 4, and a a, perpendicular to the 
axis. Then transfer lines of sines 11, 2 2, 3 3, 4 4, 
6 6| to the perpendicular of the ajOBj and apply them on 



each side of the axis from the points, 1, 2, 3, 4, 6. 
Through the extremities 1, 2, 3, 4 a, on each side, 
draw a curve, ])y a thin slip of wood bent round the 
points t, 2, 3, 4, 6. It will be perceived that two di- 
ameters are first taken out, and the remainder of the 
shaft divided into five equal parts. This is the modem 
practice. See plate 63. 
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COMPOSITE ORDER. 



[The second Italic order, and last of the fiye orders of architecture, is the Composite; which some writers have divided into three species, or 
orders. The first (called the Composite,) is composed of the Ionic and Corinthian : * which two exhibit more graces in combination, than either 
of them would, if joined with the Doric. The Composite is more slender than the Corinthian, and more ornamented with sculpture : if the 
latter bears any resemblance to a young maid, the former represents an harlot.' 

The second species, as given by Aldrich and Smyth, is * Dorico-Ionic ; the only remaining instance of which may be seen at Rome, in the 
ruins of the temple of Concord. (See plate 65.) The base of the column is Attico-Ionic, and without a plinth, except in angular pillars. 
The capital is lonico-Doric, with the volutes projecting, as in the Italian ; the abacus is Corinthian ; the frieze is sculptured, but the larmier is 
plain. It has a beautifal appearance.' 

The third species of Composite is where the column is of one order and the entablature of another ; for instance, when the column is Corinthian 
and the entablature Doric: in which case it would, therefore, be very properly termed Dorico-Corinthian. ' This is approved of even by Vitm- 
vins ; and, in fact, was introduced into the Temple of Solomon, whose columns were Corinthian supporting a Doric entablature.' 

The Romans first introduced the Composite order into their triumphal arches, to show their dominion over the people whom they conquered.] 



Of this order we have many examples from the an- 
cients ; but the following is the most celebrated : it is 
taken from the arch of Titus, which was executed soon 
after the destruction of Jerusalem, in order to commemo- 
rate that remarkable event. 



PLATE 62. 

FROM THE ARCH OF TITUS, AT ROME. 

This most beautiful and elegant example is made 
choice of, as the most proper model for this order. 



TABLE, 

SHOWING THE RELATIVE PROPORTIONS OF GRECIAN DORIC COLUMNS CONTAINED IN THIS WORK. 



NAMES OF BUILDINGS. 



Portico of Philip, King of Macedon 

The Temple Theseus 

The Temple of Minerva .... 

The Portico at Athens 

Found in Asia, near the Temple of Minerva Polias 
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PEDESTALS. 



[Most writers consider the pedestal as a necessary part of the order, without which it is not esteemed complete. It is indeed a matter of small 
importance whether it be considered in that light, or as a distinct composition. Vitruvios only mentions it as a necessary part in the constmctiott 
of a temple, withoot signifying that it belongs to the order, or assigning any particnlar proportions for it, as he does for the parts of the column and 
the entablature. But triangalar, circular, or polygonal pedestals, or such as are swelled and have their die in the form of a balluster, or are sur- 
rounded with cinctures, are, iff no esse, to be-nsade use of in buildings. Such extravagances, though frequent in some foreign countries, are now 
laid aside wherever good taste pfrerttftsr] 



A pedestal, like a colunin or an entaUature, is com- 
posed of three principal parts, which are the base, the 
body, or the die, and the cornice. The die is always 
nearly of the same figure, being constantly either a cube 
or a parallelopiped ; but the base and cornice are varied, 
and adorned with more or less mouldings, according to 
the simplicity or richness of the composition in which the 
pedestal is employed. Hence pedestals are, like columns, 
distinguished by the names of Tuscan, Doric, Ionic, 
Composite and Corinthian. . 

Some authors are very averse to pedestals, and com- 
pare a column raised on a pedestal to a man mounted on 
stilts, imagining that they were first introduced merely 
through necessity, and for want of columns of a sufficient 
length. 

It does not seem proper to suppose that they were 
first introduced merely through want of columns of a 
Bufiicient length, since there are many occasions on which 
they are evidently necessary, and some in which the 
order, were it not so raised, would lose much of its beau- 
ful appearance. Thus, within our churches, if thei col- 
umns supporting the vauft were placed immediately on the 
ground, the seats would hide their bases and a good part 
of the shafts ; and in the theatres of the ancients, if the 



columns of the scene had been placed immediately on the 
stage, the aclocs. would ha VQ hid a considerable part of 
them fronrthetHidienee<; for- which reason it was usual 
to raise them on very high pedestals, as was likewise cus- 
tomary in their triumphal arches : and in most of their 
temples, the columns were placed on a basement or con- 
tinued pedestal, so that the whole order might be ex- 
posed to view, notwithstanding the crowds of people with 
which these places were frequently surrounded. And 
the same reason will authorize the same practice in our 
churches, theatres, courts of justice, and other public 
buildings where crowds frequently assemble. - And in a 
second order of arcades there is no avoiding pedestals, as 
without them it is impossible to give the arches any toler- 
able proportion. These instances will sufficiently show 
the necessity of admittiug pedestals in decorations of 
architecture. With regard to the proportion which their 
height ought to bear, to that of the columns they are to 
support, it is by no means fixed, the ancients and mod- 
erns too having in their own works varied greatly in this 
respect, and adapted their proportions to the occasion, or 
to the respective purposes for which the pedestals were 
intended. Thus, in the amphitheatres of the ancients, 
the pedestals in the superior orders were generally lowi 
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because iq the apertures of the arches, they served as 
rails lo inclose the portico, and therefore were, for the 
eouvenieBcy of leaning over, made no hif her than was 
necessary (o prevent accidents ; and the case is the same 
in most of our modern houses, where the height of the 
pedestals in the superior orders is generally determined by 
the sills of the windows. The ancients, in their theatres, 
made the pedestals in the first order of their scene, high, 
for the reason mentioned in the beginning of this chapter, 
but the pedestals in th% superior orders were very low, 
their chief use being to raise the columns so as to prevent 
any part of them from being hid by the prcgecdon of the 
cornice below them ; and thus on different occasions 
they used diflerent proporuons, being chiefly guided by 
necessity in their choice. 

Neverlheiess, writers on architecture have always 
thought It incumbent upon them to fix a certain determi- 
nate proportion for the pedestal, as well as for the pans of 
the order. It would be useless lo enumerate in this place 
their different opinions, but I must beg leave to observe 
that Yignola's method is the only true one. His "pedes- 
tals are all in the orders of the same height, being one 
third of the column, and <)s their bulk increases or dimin- 
ishes, of course in the same degree as the diameters of 



S. 105 

their respective columns do, the character of the order is 
always preserved, which according to any other method 
is impossible. 

With regard lo the divbions of the pedestals, if the 
whole height be divided into nine parts, one of them may 
be given to the height of the cornice, two to the base, 
and the remaining six to the die ; or if the pedestal is 
lower than ordinary, its height may be divided into eight 
parts <Hily, of which one may be given to the cornice, 
two to the base, and five to the die, as Palladio has 
done in his Corinthian order, and Periault in all the 
orders.* 

The plan of the die is always made equal to that of 
the plinth of the column ; the projection of the cornice 
may be equal to its height, and the base, being divided 
into three parts, two of them will be for the height of the 
plinth, and one for the mouldings, of which the projec- 
lion must be somewhat less than the prelection of the 
cornice, so that the whole base may be covered and shel- 
tered by iL 

These measures are common to all pedestals, and in 
Plate 63 there are designs of proper ones for the Tus- 



■ Ordonnaace iet cinq Esp«cei de Colonnea, 1 Partis, ch. 6 et 7. 
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PEDESTALS. 



I 



can, Doric, loDic and Corintbiaa orders, in v^hich the 
forms and dimensions of the minuter parts are accurately 
drawn and figured. With regard to the application of 
pedestals, it roust be observed that when columns are en- 
tirely detached, and at a considerable distance from the 
wall, as when they are employed to form porches, peris- 
tyles, or porticos, they should never be placed on de- 
tached pedestals, for then they may indeed be compared 



to men mounted on stilts, as they have a very weak and 
tottering appearance. 

The base and cornice of .these pedestals must run in a 
straight line on the outside throughout ; but the dies are 
made no broader than the plinths of the columns, the in- 
tervals between them being filled with ballusters; which 
is both realty and apparently lighter than if the whole 
pedestal were a continued solid. 
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IMPOSTS. 



[Imposts are explained in the glossary. By some, however, they are called the walls back of the inserted column, rising from the base to 
the spring-line of the arch, and extending on each side of the column abent SO minutes ; forming the side of the apertures of doors or windows, 
and, when used without the columns, are appropriately termed pilasters. But they are most generally used for those assemblages of moulding, 
which divide the perpendicular part of the wall from the spring-line of the arch. In some instances regular pilasters are introduced, when the 
column may be termed isolated ; as it stands detached from the walls. We find imposts introduced in the Temple of Solomon : and they are 
common in Roman edifices ; as in the Arch of Titus, and most of their other triumphant arches, Itc. In most parts of Europne imposts are found ; 
as also in some parts of the United States. The origin of this style of building cannot be clearly traced. However elegant its aspect in many in- 
stances may be, it seems now to be giving place to a more magnificent and majestic style of architecture. Where we once saw one range of col- 
umns rising above another, each supporting a distinct entablature, we now find the whole height supplied by one length : thus preserving the 
principles of good taste.] 



I HAVE thought proper to give several designs for 
imposts in this place, for the use of those who may 
}jave occajsion for them. Strict attention should be 
given to the uniformity of the order, at* a Tuscan 
impost would not look well connected with a Corinthian 
column. Therefore, I have arranged them in their order, 
as the Tuscan, Doric, Ionic and Corinthian. See Plate 
64. Fios. 4, 6, 6 and 7. Fig. 1, is an elevation of the 
Ionic order, with its imposts. 

When the Ionic order is executed on a pedestal, I 
have, in some cases, divided the whole height of the 
order into 14 part?, which give two to the entablature, 
nine and 35 minutes to the height of the column, and one 
to its diameter ; which are to be divided into sixty parts 
or minutes, by which scale its several members are pro- 
portioned throughout. These proportions, when executed 
on a pedestal, I have found to succeed better than those 



of a heavier proportion, for the interior of Churches, &c. 
A, the impost, 6, the architrave ; c, the key stone. The 
spring-line of the arch should in no case exceed six 
diameters of the column. Fig. 3, is a scale by which 
Figs. 4, 5, 6 and 7, are drawn. Also their architraves 
as shown on the top of each. 

Fig. 2. In this figure is shown the manner of striking 
or working a raking moulding to fit and miter with the 
same on a horizontal line or flank. First divide the 
width of the moulding into 1, 2, 3 and 4 parts, as in A ; 
raise a perpendicular line, in B, at O ; trace the curve of the 
moulding from the intersection of 1, 2, 3, 4, on the curve 
line of the moulding ; draw a, 6, c, cf, e,/, g, h, at right 
angles with the perpendicular line O, to the point A,/, d, b, 
in the curve or face of the moulding ; transfer to A, h 1, 
/ 2, cI 3, 6 4 In the like manner the curve at C may be 
found. All to miter in their several parts with each other. 
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PILASTERS. 



[Pilagtera are, it is believed, a Roman invention, and certainly an improvement. The Greeks employed antie in their temples, to receive the 
architraves where they entered upon the walls of the cell. These, though they were, in one direction, of equal diameter with the columns of 
the front, were in flank extravagantiy thin in proportion to their height, and neither their bases nor capitals bore any resemblance to those of the 
colomns they accompanied. The Roman artists, disgusted, probably, with the meagre aspect of these ant®, and the want of accord in their 
bases and capitals, substituted pilasters in their stead, which being proportioned and decorated in the same manner with the columns, are cer- 
tainly more seemly, and preserve the unity of the composition much better. The reader will find some additional, and perhaps, not unimportant 
remarks, in relation to the Pilaster, in the introduction to this work.] 



Pilasters difTer from columns in their plan only, which 11 
is square, aa that of the column is round. Their bases, 
capitals, and entablatures, have the same parts, with all 
the same heights and projections as those of columns, 
and they are distinguished in the same manner, by the 
names of Tuscan, Doric, Ionic, Composite, and Cor- 
inthian. Of the two, the column is doubtless most per- 
fects Nevertheless, there are occasions in which pilas- 
ters may be employed with great propriety ; and some 
where they are, on various accounts, even preferable to 
columns. 

If we go back to the origin of things, and consider 
pilasters, either as representing the ends of partition 
walls, or trunks of trees reduced to the diameter of the 
round trunks which they acc(»npany, but left square for 
greater strength, the reason for diminishing them will, in 
either case, be strong and evident. 

It is likewise an error to assert that pilasters are never 
necessary, but that columns will at all times answer the 
same end, for, at the angles of all buildings, they are evi- 
dently necessary both for solidity and beauty, — because 
the angular support, having a greater weight to bear than 
any of the rest, ought to be so much the stronger ; so 
that its diameter must either be increased, or its plan 



altered from a circle to a square. The latter of which is 
certainly the most reasonable expedient on several ac- 
counts, but chiefly as it obviates a very striking defect, 
occasioned by employing columns at the angles of a 
building, wbich is that the angle of the entablature is left 
hanging in the air without any support ; a sight very 
disagreeable in some oblique views, and in itself very 
unsolid. 

It is indeed customary in porches and other detached 
compositions, to employ columns at the angles, and it is 
judicious so to do, for of two defects the least is to be 
preferred. 

Engaged pilasters are employed in churches, galleries, 
halls, and other interior decorations, to save room, for 
as they seldom project beyond the solid of the walls 
more than fifteen minutes of their diameter, they do not 
occupy near so much space as engaged columns. They 
are likewise employed in exterior decorations; some- 
times alone instead of columns, on account of their being 
less expensive ; at other times, they accompany columns, 
being placed behind them to support the springing of the 
architraves ; or on the same line with them to fortify the 
angles ; they may likewise be employed instead of col- 
umns, detached to form peristyles and porticos, but there 
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is no instance of Ibis that I remember, in all tbe 
remains of antiquity ; neitber has any modern architect, 
I believe, been so destitute of taste as to put it in prac- 
tice. 

When pilasters are used alone, as principal in the com- 
position, they should project fifteen minutes of their 
diameter beyond the waUs, which give them a sufScient 
boldness, and, in the Corinthian and Composite orders, 
is likewise most regular, — because the stems of the vo- 
lutes, and the small leaves in flank of the capital, are then 
cut exactly through their middles. But if the cornice 
of the windows should be continued in tbe inter-pilaster, 
hs is sometimes usual, or if there should be a cornice to 
mark the separation between the principal and second 
story, or large imposts of arches, the projection must, in 
such cases, be increased, j)r9vided it is not otherwise 
sufficient to stop the most prominent parts of these deco- 
rations ; it being very disagreeable to see several of the 
uppermost mouldings of an impost or .cornice cut away 
perpendicularly, in order to make room for the pilaster, 
while the cornice or impost on each side projects consid- 
erably beyond it. Mutilations are, on all occasions, stu- 
diously to be avoided, as being destructive of perfection, 
and strong indications either of inattention or ignorance 
in the composer. 

Where pilasters are placed behind columns, and very 
near them, they need not project above seven and one 
half minutes of their diameter, or even less, excepting 
there should be imposts or continued cornices in the 
inter-pilaster ; in which case what has been said above 
must be attended to. But if they be far behind the col> 
umns, as in porticos, porches, and peristyles, they should 
project ten minutes of their diameter at least ; and when 
they are on a line with the columns, their projection is to 
be regulated by that of the columns, and consequently 
it can never be less than a semi-diameter, even when the 
columns are engaged as much as possible. This extra- 
ordinary projection, however, will occasion no very great 
deformity, as the largest apparent breadth of the pilaster 
will exceed the least only in the ratio of eleven to ten, or 
thereabouts. But if columns be detached, the angular 
pilasters should always be coupled with a column to hide 
its inner flank ; because the pilasters will, otherwise, ap- 
pear disproportionate when seen from the point of view 
proper for the whole building ; especially if the fabric be 
small, and the point of view near. 

It is sometimes customary to execute pilasters without 

any diminution. In the antiques there are several in- 
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stances thereof, as well as of the contrary practice, and 
Palbdio, Yignola, Inigo Jones, and many of the greatest 
architects have frequently done so. Nevertheless, it is 
certain that diminished pilasters are, on many accounts, 
much preferable. There is more variety in their form ; 
their capitals are better proportioned, both in the whole 
and in their parts, particularly in the Composite and Co- 
rinthian orders ; and the irregularities occasioned by the 
passage of the architraves, from diminished columns to 
undiminished pilasters, are thereby avoided ; as are like- 
wise the difficulties of regularly distributing tbe modillions 
and other parts of the entablature, either when the pilas- 
ters are alone, or accompanied with columns. . 

Another disagreeable eflect of undiminished pilasters 
is likewise obviated by rejecting them. Indeed I am at a 
loss to account for it, and it is diametrically opposite to 
a received law in optics. I imagined it might be the 
result of some defect in my own sight, till by inquiry I 
found others were affected in the same manner. It is 
this; the top of the shaft always appears broader than the 
bottom. 

The shafts of pilasters, are k>metimes adorned with 
flutings in the same manner as those of columns, the 
plan of which may be a trifle above a semi-circle, and 
they must be to the number of seven on each face, 
which makes them nearly of the same size with those 
of the columns. The interval between them must be 
either one third or one fourth of the flute in breadth, 
and when the pilaster is placed on the pavement, or 
liable to be broken by the touch of passengers, the angle 
may be rounded off, in the form of an astragal ; between 
which and the adjoining flute, there must be a fillet or 
interval of the same size with the rest, as in the porch of 
the Pantheon at Rome. 

The flutes may, like those of columns, be filled with 
cablings to one third of their height, either plain, and 
shaped like an astragal, or enriched, according as the 
rest of the composition is simple or much adorned. 
Scamozzi is of opinion that there should be no flutings 
on the sides of engaged pilasters, but only in front ; 
and, whenever cornices or imposts are continued home 
to the pilaster, this should be particularly attended to, 
that the different mouldings of these members, by enter- 
ing into the cavities of the flutes, may not be cut off in 
irregular and disagreeable forms. But if the flanks of 
the pilasters are entirely free, it may be as well to en- 
rich them in the same manner as the front, provided the 
flutes can be so distributed as to have a fillet or interval 
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Fio. 2 ; which, as the moulding can be eeen io front only, 
will occasion no disagreeable effect. 

The employing half, or other parts of pila?terB that 
meet, and, es it were, penetrate each other's inward 
or outward onglee, should, as much as possible, be 
avoided, because it generally occasions several irregu- 
larities in the entablatures, and sometimes in the capital 
also. Particular care must be taken never to introduce 
more than one of these breaks in the enme place, for 
more can never be neceseary. In many of the churches 
at Rome, we see half a dozen of them together, which 
produce a long series of undulated capitals and 
bases, and a number of mutilated parts in the entabla- 
ture, than which nothing can be more confused or dis- - 
agreeable. 
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MOULDINGS. 



[Although, as obterred in the lotrodQCtion of this work, (to which the student is referred,) the shaft of a eokmn may not admit of anj wmi- 
ment on its body, yet, in the base and capita], various ornamental parts are introdnced ; which are called Mouldings, becanse they are always of the 



same shape, as if they proceeded from the same mould or form. Mouldings 
are generally divided into Grecian and Roman, with reference to the ex- 
isting remains of the architecture of those nations. The difference consists 
in this, that the Romans usually employed segments of circles in their orna- 
ments, while the Greeks often introduced parts of an ellipsis, or some other 

secAon of a cone, varying from the circle. 

The regular Mouldings are variously disposed in different orders, and may 

reasonably be supposed to have had their origin in the ingenuity of man mther 
than in any essential necessary law in nature or art. The annexed figure rep- 
resents their form and character. 




The fillet, listel, atmulet, or square. 
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ID Astragal, or bead. 
_J Torus, or tore. 

Scotia, trochiluB, mouth, or casement 

Echinus, ovolo, or quarter round. 

Grecian echinus. 

Inverted cyma, talon, or ogee. 

Cyma-reeta, or eymatinm. 
Cavetto, or hollow. 



Of those, the Roman ovolo and cavetto are never found in Grecian Architeetnie, nor the Greek echinus in that of the Roman ; the rest they 
possess in common.] 



DEFINITIONS. 

• 

1. Mouldings are figures composed of various curves 
and straight lines. 

If the mouldings are only com|io6ed of parts of a circle 
and straight lines, they are called Roman, because 
the Romans, in their buildings, seldom or never em- 
ployed any olher curve for mouldings than that of a cir- 
cle ; but if a moulding be made part of an ellipsis, or a 
paraholii, or an hyperbola, the mouldings are then in the 
Grecian taste. 



I Corollary, Hence it appears that mouldings in the 
Greek taste are of a much greater variety than those of 
the Roman, where only parts of circles are concerned. 

Mouldings have various names, according to the man- 
ner in which they are curved. 

2. The straight lined part under or above a moulding 
in general, is called a fillet. 

3. If the contour of the moulding be convex, and a 
part of a circle, equal to or less than a quadrant, then the 
moulding is called a Roman ovolo, or an echinus, such 

I as FiQ. B, Plate 67. 
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4. If the contour of the moulding be concave, and 
equal to or less than a quadrant, it is called a cavetto or 
hollow, such as Fig. D, Plate 67. 

Corollary. Hence a cavetto is just the reverse of an 
ovola 

6. A bead is a moulding whose contour is simply a 
convex semi-circle. 

6. If the contour be convex, and a complete semi- 
circle, or a semi-ellipsis, having a fillet above or below 
the moulding, it is called a torus, as Fio. 1, Plate 67. 

Corollary, Hence a torus is a bead with a fillet ; 
and is more particularly distinguished in an assemblage 
of mouldings from a bead, by its convex part being mucb 
greater. 

7. If the contour of a moulding be a concave semi- 
ellipsis, it is called a scotia, as Fio. 2, No. 2, Plate 66. 

8. If the contour be convex, and not made of any 
part of a circle, but of some other of the conic sections, 
having a small bending inwards towards the top, the 
moulding is called a Grecian ovolo, or echinus, such 
as Fig. 1, Nos. 1, 2, 3, 4 ; Fig. 4, Nos. 1, 2 and 3, 
Plate 65. 

9. If the contour be partly concave, and partly 
convex, the moulding in general is called a cimatium, 
such as Fig. 2, Nos. 1 and 2 ] Fig. 3, Nos. 1 and 2, 
Plate 66. 

10. K the concave parts of the curve project beyond 
the convex part, the cimatium is called a cima-recta ; 
such as Fig. 2, Nos. 1, 2 and 3, Plate 65. 

11. If the convex part project beyond the concave, 
the cimatium is called a cima-reversa or ogee, as Fig. 4, 
Nos. I, 2 and 3, Plate 66. 

12. The bending or turning inwards of a small part 
of the convex curve of a Grecian moulding, is, by work- 
men, called a quirk. 



GRECIAN MOULDINGS. 

PLATE 66. 

no. 4, No 2. 

To describe the Grecian echinus or ovolo ; the 
tangent A B, at the bottom, the point of con- 



tact A, and the greatest projection of the 
moulding at C, being given. 

From A draw A D E perpendicular; through C 
draw C D parallel to the tangent B A, cutting A E at 
D ; make D E equal to A D ; then w ill D be the cen- 
tre of an ellipsis, and C D and D A will be two semi- 
conjugate diameters ; from which the ellipsis may be 
described by Plate 6, Geometry. 

FIG. 4, No. 1. 

This figure is described in the same manner, and 
shows a greater projection ; the tangent being also taken 
in a higher position. 

FIG. 4, No. 8. 

The same things being given, to describe the 
moulding nearly, when the point of contact A 
is at the extremity of the transverse axis. 

From A draw A D E perpendicular to the tangent 
B A ; parallel to it draw C G, cutting the tangent A B 
at G ; also through C draw C D parallel to the tangent 
A B, cutting A D E at D, the centfe'of the ellipsis, for 
which D C and D A are the semi-transverse and seTni- 
conjugate axis ; and proceed as before. 

PLATE 66. 

FIG. 1, Nog. 2 AND 8. 

The semi-transverse and semi-conjugate axis 
being given, to describe the moulding. 

■ 

Proceed as in Plate 6, Geometry, and you Will have 
the contour of the moulding required. 

FIG. 2, No. 1. 

To describe the cima-recta, the perpendicular 
height, H L, being given, and its projection, 
L I. 

Complete the rectangle I L H F, and divide the 
whole rectangle into four equal rectangles ; then inscribe 
the concave quadrant of an ellipsis, in the rectangle I K 
C B, and a convex quadrant in the rectangle C G H D, 
and it is done. ' 
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FIG. 8, No 8. 



To describe a Cima-reversa, the point A being 
nearly the greatest projection at the top ; D 
the extremity of the curve at the bottom ; 
and D C a line parallel to a tangent, at the 
point of junction of the opposite curve. 

Draw A C at right angles to C D, cutting C D at C, 
and complete the rectangle A C D E ; then proceed as 
before, but in a contrary direction, and you will have the 
contour required. 

FIG. 2, No. 3. 

To describe an Echinus having the depth of 
the moulding C D, the greatest projection 
at D, and to be quirked at the top and 
bottom. 

Complete the rectangle C B A, and proceed as in 
Plate 6, Geometry. 

FIG. 2, No. 2. 

To describe a Scotia. ^ 

Join the ends of each fillet by the right line A B ; 
bisect A B at D ; through D draw G D E parallel to 
the fillets, and make C D and D E equal to the depth 
of the scolia ; then will A B be a diameter of an 
ellipsis, and C E its conjugate. Proceed as in Plate 6, 
Geometry. 

FIG. 4, Nos. 1, 2 ANix 8. 

HoviT to describe Grecian Mouldings, whether 
elliptical, parabolical, or hyperbolical ; the 
greatest projection at B being given, and the 
tangent C F at F, the bottom of the mould- 
ing. 

Draw G F a cotitinuation of the upper side of the 
under fillet ; through B draw B G perpendicular to B F, 
cutting it at G, and the tangent F C at the point C ; 
also through B draw B E parallel to G F ; and through 
F draw F E D A parallel to G B, cutting BE at E ; 
make E A equal to E F, E D equal to C G, and join 
B D ; then divide each of the lines B D and B C into 

29 



a like number of equal parts ; from the point A and 
through the points 1, 2, 3, 4, in B C, draw lines cut- 
ting the former, which will give the points in the curve. 

If the point C, where the tangent cuts the line B G, 
be less than one half of B G, from G the moulding will 
be elliptical, as in Fig. 4, No. 2. 

If G C be one half of B G, then the moulding is para- 
bolical, as in Fig. 4, No. 1. 

If G C be greater than half of B G, then the moulding 
is hyperbolical, as in Fig. 4, No. 3. 

By this means you may make a moulding to any form 
you please, whether flat or round. 



ROMAN MOULDINGS. 

PLATE 67. 
FIGS. A, B AND C. 

To describe an Ovolo in the Roman taste ; the 
projections at a and b being given at each 
extreme of the curve. 

Take the height of the moulding ; on the points a 
and b as centres, describe an arc at c; on c, as a 
centre, with the radius c a or c &, describe the arc a 
6, and it will be the contour of the moulding required. 

FIG. D. 

To describe a Cavetto, having the extremes of 

the curve. 

The cavetto is described in the same manner, but on 
(he opposite side. 

FIGS. E AND F. 

To describe a Hollow, to touch with two straight 
lines, b d and d a, one of them at a given 
point d. 

Let d be the point of their meeting ; make db on the 
other line equal io d a ; from the points a and b draw 
perpendiculars to each of the lines d b and d a, meeting 



114 



MOULDINGS. 



at c ; on c as a centre, with the radius c 6 or c a, describe 
an arc b a, and it is done. 

no G. 

To describe a Cima-recta, the projections at a 

and b being given. 

Join a b ; bisect it at e; then on the points a and b, 
describe arcs meeting each other on the opposite sides at 
c and d; on the points c and d, with the same radius, 
describe the opposite curves a e and e d, and it is 
done. 

FIG. H. 

The cima-reversa is described in the same manner, but 
in an opposite direction. 

FIG.L 

To describe a Torus. 

Bisect the diameter at a ; on it with the radius, describe 
a semi-circle, and it is done. 



FIG. J. 



Is a semi-hollow. 



Is a bed-mould. 



Is an ogee and bead. 
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GBECIAN MOULDINGS, COMPARED WITH THOSE OF 
THE ROMAN, TO SHOW THE DIFFERENCE OF THEIR 
FORM AND APPLICATION. 

I. Of a Bead. 

This moulding is similar in both Greek and Roman 
architecture. 

II. Of the Torus. 

The torus in most cases is similar to a bead : it is 
always so in Roman architecture, but not always in 



Grecian ; as may be seen in various examples where 
the contour of the moulding is elliptical. The bases 
of the columns of the temple of Minerva Polias, and 
also the bases of the column on the monument of 
Lysicrates, are instances of the elliptical forms of 
toruses. 

III. Of the Ovolo^ or Echinus. 

The Greek ovolo differs greatly from that of the Ro- 
man : its contour is generally a part of the ellipsis ; in 
some cases it is hyperbolical, and even in some a straight 
line ; the elliptical ovolo is always used in cornices, ar- 
chitraves, and likewise in all mouldings projecting from 
plain surfaces. It is also to be met with in the capitals 
of columns. 

Of such forms are the echinus of the capitals of 
the Doric portico at Athens, the temple of Corinth, 
and the temple at PoBstum, in Italy, which are all 
elliptical; but the hyperbolical form is ofitener to be 
met with in the capitals of Athenian buildings, than any 
other. 

Of such are the echinus of the capitals of the temples 
of Minerva and Theseus, and also the capitals of the 
columns of the Prophylea, or grand entrance into the 
citadel. These are all Athenian buildings, which were 
erected during the administration of Pericles ; and the 
portico of Philip, King of Macedon, is an instance in 
which the echinus is a straight line. 

In Roman architecture, the echinus is always some 
part of a circle, never exceeding a quadrant, but often 
less. 

IV. Of the Cavetto. 

The cavetto is the same both in Roman and Grecian 
architecture, except in its application. There is not 
an instance to be met with in Greece,* where the 
crown moulding is a cavetto, but there are many in 
the Roman. 

V. Of the Doric Cimatium. 

This moulding is constantly used in Greek buildings, 
under the fillet of a finishing or crown moulding ; but in 



* Here are some out of Greece ; but of these there are few instances 
whieh may not be looked on as deviations from the established methods 
that ware used by the Greeks. 
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Roman buildings there are no instances whatever of any 
such moulding. 

VI. Of the Cima-recta. 

This moulding is nearly of the same form, both in the 
Grecian and Roman architecture, and is also applied for 
the same purpose in both. 

VII. Of the Cima-reversa, 

This moulding is nearly similar in the Grecian and 
Roman architecture, and is in general applied under the 
fillet of the crown moulding 'of the cornices of Roman 
buildings ; but is never so applied in Greek buildings, 
one instance excepted, which is the portico of Philip 
King of Macedon. 



THE EFFECT OF GRECIAN MOULDINGS, COMPARED 
WITH THE ROMAN OF THE SAME KIND. 

I. Of the Ovolo. 

The bending or turning inwards of the upper edge of 
the Grecian ovolo, causes, when the sun shines on its 
surface, a beautiful variety of light and shade, which 
greatly relieves it from plane surfaces ; and if it be en- 
tirely in shadow, but receive a reflected light, the bend- 
ing or turning inwards at. the top will cause it to contain 
a great quantity of shade in that place, but softened 
downwards round the moulding to the under edge. 

In the Roman ovolo there is no turning inwards ; * as 
the top, therefore, when the sun shines on its surface, it 
will not be so bright on its upper edge, as the Grecian 
ovolo ; nor will it cause so beautiful a line of distinction 
from other mouldings which it is combined with when 
it is in shadow, and when lighted by reflection. 

11. Of the Cima-reversa. 

In the Greek cima-reversa, the turning in of its upper 
edge, and the turning out of its under edge, will cause it, 
when the sun shines, to be very bright on these edges, 
which will greatly relieve it from other perpendicular sur- 
faces when combined together ; and when it is in shadow, 

* That is to say, the apper edge of the monldiiig does not recede 
from a plane touching its sarface, and perpendicular to the horizon. 



and lighted by reflection, the inclination of the upper and 
under edges will also make a strong line of distinction on 
both edges, between it and other mouldings or planes 
connected with it; whereas the upper and under edges 
of the Roman • cima-reversa* being pendicular to the 
horizon, the lightest place on its surface, will not be 
brighter than a perpendicular plane surface, nor will it be 
better relieved in shadows than perpendicular plane sur- 
faces also in shadow. 



THE EFFECT OF GRECIAN MOULDINGS, COMPARED 
WITH ROMAN MOULDINGS OF A DIFFERENT KIND, 
BUT IN SIMILAR SITUATIONS. 

I. Of the Greek Ovolo, compared with the Roman 

CavettOj when used cis finishing Mouldings, 

The upper mouldings, in all the remains of antiquity, 
are either entirely destroyed or very much defaced. It 
is certain, that if ovolos, which are strong mouldings, 
had been employed instead of cavettos,t many of them 
would have been almost entire ; and as the degrees of 
light and shade on the surface of the ovolo, whether from 
sunshine, or from any other light, is beautiful and soft 
but the shadow of the cavetto from sunshine is very hard, 
and will not contain so great a variety of light and shade 
on its surface, it will therefore be less pleasing to the 
eye. 

II. The Doric OimcUium used by the Cfrecians under 
the fillet of the Crown Mwdding compared with the 
Cima-reversa in the same situation. 

The front of the Doric cimatium is a convex ellipti- 
cal curve, and is sunk at the upper edge in the manner 
of a Grecian ovolo ; therefore the light and shade on its 
front will be nearly simihir to an ovolo; and as the sink- 

* There are some instances in Roman buildings where the cima- 
reversa is tnnod inwards at the top, and outwards at the hottom ; bnt 
this seldom occurs, except there is not sufficient projection to its height. 

t Some authors say, that the cima-recta and cavetto were always 
used as finishing mouldings, but it is quite the reverse; for in the antique 
buildings now remaining in Greece, there n not a single instance where a 
cavetto is used for the upper member of a cornice; but in Doric build- 
ings the coraioe always finishes with an ovolo; and in byildings of the 
Ionic and Corinthian orders, they are finished with cima-rectas. 
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MOULDINGS. 



ing upwards behind the front will cause it to contain a 
quantity of shade, which will form a line of separation 
from the corona, and consequently make it appear more 
distinct at a dittance ; but the Roman cima-reversa being 
so very flat, would not be well relieved, and its profile 
would be lost entirely at a distance. 



MODERN MOULDINGS. 

I have given several modern designs for mouldings ; 
not that in my own opinion they are more tasteful than 



the Grecian or Roman, but that by combining them, it 
affords a greater variety, and, as some are fond of new 
things, they may be preferred. 



PLATE 68. 



A is a cima-recta. B is a cima-reversa, or ogee. C 
is a bed-mould. These differ from the Roman, only in 
their curves being more graceful, but are formed on the 
same principle. 

D, E, F, G, H, I, J, K and L, are formed on the 
principle of the Grecian, with a slight alteration in their 
I curves. 
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[In no exaftple of antiquity is the Doric colamn provided with a hase. This circumstance, myB Mr. Partington, has occasioned no small per- 
plexity to some of those writers who seek, in every point, some analogy to the human figure. Vitruvius has indeed said, that the hase is a ahoe^ 
first invented to cover the nakedness of the matronly prototype of the Ionic order. ' But,* says Monsieur Le Clerc, * I roust own I cannot consider 
a column without a base, comparing it to a man ; but I am, at the same time, struck with the idea of a person without feet, rather than without 
shoes ; for which reason I am inclined to believe, either that the architects had not yet thought of employing bases to their columns, or that they 
omitted them in order to leave the pavement clear, the angles and projections of bases being stumbling blocks to passengers, and so much the 
more troublesome, as the architects of those times frequently placed their columns very near each other, so that had they been made with bases, 
the passages between them would have been extremely narrow and inconvenient.' To supply this defect, as it is generally episidered, most 
architects have employed the atUe base, which is common to all the orders except the Tuscan, though belonging, perhaps, more peculiarly to the 
Ionic. We have, therefore, here given a representation of it, as furnished by Mr. Partington from Vignola. 

It is seen that it consists of two tori, with a scotiaand fillets between, the upper of which in this version, resembles 
an inverted ovolo. The fillet, above the upper torus, is always connected nith the shaft by a curve, lb is also that under 
the capital, for which reason they are commonly considered as part of tlie shaft. The plinth, er square member 
^ >^ beneath, is usually understood, in Roman architecture, as an indispensable appendage to the base« though Palladio has 

f I omitted it in his Corinthian order ; but it is rarely found in the Greek specimens. To save thii order, however, from 

aqjgijoo 2Mod ^^ ^^ humiliation of being obliged to borrow a shoe, when required to wear one, Vignola prof ided it with this appen- 
dage. His base consists of one hirge Torus, with one considerably smaller, resting upon it, surmounted by the fillet 
M. Le Clerc has, in the opiuir.n of Mr. Partington discovered the true reason why, at least in the latter Greek specimensi^ the base is omitted ; 
namely, the very narrow intercolumniations. In the Greek order, alteration is not probable, and, perhaps, not desirable ; but in the Roman, 
where this addition has been long provided for us, and the intercolumniations adjusted accordingly, the omission would be certainly improper.] 



ROMAN BASES. 

Several designs for Bases after the Roman taste, are 
given, which may be applied to Columns, Pilaeterj), and 
in some instances to Rooms, Chimney pieces, ^c. 



MODERN BASES. 



PLATE 70. 



PLATE 69. 

« 

Pig. G. The Tuscan order. 
Fig. E and A. The Doric. 
Pig. BandC. The Ionic. 
Pig. D. The Corinthian! 
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Figs. A, B, C, D, E, and F, are Bases in the modern 
style, adapted to the present taste of finishing rooms and 
inside finish. 

The line a, sh«ws the line of projection fibm the 
ground ; 6, the thickness of the groiind, and H the 
height of the base in proportional numbers. 

Rule, To proportion these designs, divide the height 
of the room into thirty equal parts ; take one part for the 
height of the base, and proportion its members as figured 
on the design, c shows the manner of joining the base 
to the plii^. ^ 



CORIVICES. 



I -• 



[Ths orders consist of a composition of parts. When considered in gross numbers, they consist of two parts, vias. the Coluilm and Entabla- 
ture. These divisions are subdivided : the Column comprises the base, capital, and their appendages, as shown in the orders. The Entablatars 
consists of the architrave, frieze and cornice. The Architrave, in all the orders, has the band. The Grecian Doric, however, does not famish aa 
with more than two divisions, the band and frieze. The Band or Fillet, which constitutes the upper part of the architrave, is projected under the 
triglyph ; and an annulet is dropped from the fillet, a little on the frieze ; to the soffit of ^kich are attached six drops, as in the Grecian examples. 

In the Ionic and Corinthian orders, the Greeks have divided the frieze into three projecting parts, as shown in the example from the Temple of Miner- 
TaPoIias. The divisionsare, 1st. lOj ; 2d. 12^ ; 8d. 14^ minutes. The Romans, in thisrespect, have followed the Greeks, except in the propor- 
tions of the divisions ; as seen in the Doric elevation found at Albano, near Rome ; in the Dioclesian Baths; and in the example from Andrea Palladio. 

2d. The Frieze or Entablature i^omamented, in the Doric order, with triglyphs, and sometimes with sculpture, as shown in the example from the 
Temple of Theseus, at Athens. Aldrich has introduced triglyphs into the composite order, which I consider a composition of the throe orders. TUa 
practice, however, is seldom adopted ; although there may not be much impropriety in borrowing from the Doric as well as from the two higher orders. 

The capital of the triglyphis from 4 to 6 minutes wide. The width of the triglpyh is commonly from 28 to 30 minutes, having an angle of 135 
degrees, from the outer comers ; cutting from the face 2^ minutes. The intermediate space is divided into five parts ; the second and fourth be- 
ing cut at right angles from the centre. 

The Frieze of the two higher orders, viz : the Ionic and Corinthian, afford a variety of ornaments, of which the Romans have beesi very profuse; 
as on the Temple of Fortnna Virilis, at Rome. See also the example from the Arch of Titus. 

8d. Cornices, This assemblage of parts aflfords much variety ; from the plain bed-mould, mutules, dentals and modillions. The mutules 
are common in the Doric planceer. The Dentals are common in the Ionic, and are placed between the hollow and the quarter-round, as shown 
in the bed-monld. An example of this is found In the Temple of Fortune Virilis, and in the Coliseum, at Rome. The quarter-lDund is some- 
times ornamented with the egg and dart. The Corinthian order has dentals and modillions, as sliBivn in the example from Jupiter Stator. 0[1ie 
mouldings are often ornamented with carvings of various designs. 

The F*acia, in the Grecian Doric, projects from 27 to SO minutes from the triglyphs. In the Roman Doric, it sometimes project from 34 to S7 
minutes, 'fhe height of the Facia varies from 7 to 11 minutes. The crown moulding is a cima-recta, and in modem times the ovolo has been 
introdaced in tnany instances, which is preferred on account of its superior strength, and the beautiful variety of light and shade which it presents 
to the eye. We find some examples overcharged with mouldings, which is not only offensive to the eye, but it destroys the appearance of strength 
and proportion. An error of this kind is found in the Dioclesian Baths, in which the graceful simplicity is lost, when compared with the Grecian 
Temple of Theseas. In the cornice, the facia has too much projection, and is not deep enough, and would have a far better appearance were the 
dentals, quarter^roond, and bead left out. They are not considered as properly belonging to the Doric order. Palladio, and others, (as shown 
in some of the Royian examples given in this work,) made use of a plain, simple bed-mould, composed of a hollow and round, under the planceer. 
This is as much as belongs to the Doric. * 

In the Ionic, the Greeks have made use of the echiftus, dentals, an angular fillet, and a quarter-round, under the planceer ; as in the example 
from the Temple of Minerva foKas. The extraordmary projection of the dentals, rising above a plain frieze, has a beautiful efiect, as well as the 
modillions in the Corinthian order. This modillion is frequently ornamented with foliage ; a decoration properly belonging to, and supporting the 
planceer. The ornamented ovelo under the modillions, as found in the Portico of the Pantheon, by its chaste appearance, occasioned by not add- 
ing a surplus of variety, is rendered one of 4be best specimens of the Romans. The example taken from the Temple of Jupiter Stator, is very 
beautiful. The maja^tic proportions of the Capital and entablature would give it the superiority, w^re it not overcharged with too much finery. 
The addition of dentals, however, can be no objection to its pleasing effect, as in cities eave-cornices are not often viewed to advantage, at a great- 
er distance than the angle of 45 degrees, and within that distance the ornamented planceer shows .to good advantage. The proportions of cornices 
should invariably he iegulated according to these dbtances. If, at the angle of 46 degrees, the height should be equal to its projections. If short 
of this, its projections should increase, in regular proportion, in all its members. The crown-moulding of the comices should be projected with 
some variation : the Grecian ovolo at 45 degrees ; but the cima recta should not project so much, in order4o open it more to the rays of light ; 
for if the swell does not received, strong light, it is rendered obscure at any considerable height 

I have introduced in this placov several designs for cornices, which may assist in some measure the fancy of those who may wish to vaiy from 
the original (2 reek and Roman sty Ian and proportions. They may be executed on frontispieces, and many other places, to advantage.] 



PLATE 71, 

Presettls four Cornices, with the fcale to which they 
are drawn. The scale is supposed to be the diatneter of 
the shafl of the olriumn, at the bottom ; from which these 
Qesigns are figured in proportional parts. Fios. 1 and 2 
are plain planceers ; 3 and 4 ocpamented friezes and en- 
tablatures. No. t, plan of the planceer of Figs. 3 and 4. 

PLATE 72. 
Fig. 1. Design of a modillioQr cornice. 'Vo«.l, the 



jnodillion and manner of drawing it, viz: from A) 
radiate from 1 to 2 ; from B to 1 and 3 ; from C to 3 and 
4 ; which a>mpleles the lower curve. 

Fig. 2. A cornice without the entablature. 

No. 1. Design of the planceer, with mutules and 
ornament. 

F^iG. 3.. Design of a Doric entablature. 

No. L Ornamented planceer. 

Fio. 4. A Doric entablature and cornice. 
I No) L. Mutules 'with a reset. 
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CHIMNET PIECES. 



•4 ' 



search for. The middle of the side partition wall is 
the most proper place in hails and saloons, and the other 
ropma of passage to which the principal entrances are 
commonly in the middle of ihe front, or of the back wall ; 
but in drawing rooms, dressing rooms, and the like, the 
middle of the back wall is the best situation, the chim- 
ney being then farthest removed from the doors of com- 
munication. The case is the same with respect to gal- 
leries and libraries, whose doors of entrance are generally 
either at one, or both ends. In bed chambers the chim- 
ney is always placed in the middle of one of the side 
partition walls and in closets, or other very small places : 
it is, to save room, sometimes placed in one corner. 

Wheneyff tw« chimneys are introduced in the same 
room, they must be regularly placed, either directly 
facing each other, if in different walls, or at equal dxn" 
tances from the centre of the wall in which they are both 
placed. The Italians frequently put their chimneys in 
the front wall?, between the windows, for the benefit of 
looking out wbile sitting by the fire ; but this must be 
avoided,' for by so doing that side of the room becomes 
crowded with ornaments, and the other sides are left too 
bare; the front walls are much weakened by the funnels; 
and the chimney shafts at the top of the building, which 
must necessarily be carried higher than the ridges of the 
roofs, have, from their great length, a very disagreeable 
effect, and are very lialile to be blown down. 

In largis buildings, where the walls are of a considera- 
ble thickness, the funnels are carried up in the thickness 
of the wall; but in small ones, this cannot be done: the 
flues and chimney pieces must necessarily advance for- 
ward into the roomi^, which, when the break is consider- 
able, has a very bad effe^ ; and therefore, where room , 
can be spared, it will always be best, either in show or 
state apartments, to make niches or arched recesses on 
each side ; and in lodging rooms, presses, or closets, 
either covered with the paper, or finished in any manner 
Allied to the Test of the room. By these means, the cor- 
nice or entablature of the room may be carried round 
without breaks, if the ceiling be perfectly regular, and the 
chimney piecft have no more apparent projection than 
may be necessary to give to its ornaments their proper 
relief. 

^ The proportion of the apertures of chimney pieces of 



a moderate size is generally near a square ; in small ones 
a trifle higher, and in larger ones somewhat lower* 
Chimney pieces are made either of stone or marble, or of 
a mixture of these with wood, scagliola, or molu, or some 
other unfragile substances. Those of marble are most 
costly, but they are also most elegant ; and the only ones 
used in high finished apartments, where |hey are seen 
either of white or variegated marbles, sometimes inlaid 
and decorated with the materials just mentioned. All 
their ornaments, figures or profiles, are to be made of the 
pure white sort, but their friezes, tablets, panels, shafts 
of columns, and other plain parts may be of party-colored 
marbles, such as the yellow of Siena, the brocatello of 
Spain, the jaspers of Sicily, and many other modern as 
well as antique marbles, frequently to be had in this 
country. Festoons of flowers, trophies and foliages, 
frets and other such decorations, cut in while statuary 
marble, and fixed on grounds of these, have a very good 
effect. But there should never be above two or at the 
utmost three different sorts of colors in the same chim- 
ney piece, all brilliant and harmonizing with each other. 
In the inferior class of houses, and. in upper chambers, 
wood is generally used in the construction of chimney 
pieces, painted and varnished so as to resemble marble. 
The use of wooden chimney pieces, when judiciously 
applied, materially lessens the expense, and answers every 
purpose of utility or ornament. 

In many places the wildest notions have been indulged, 
in the designs of this part of architecture. Sometimes 
we see chimney pieces, the shelf of which is supported 
on a numerous variety of mouldings, piled one above the 
other until ihey project nearly as much as the shelf itself ; 
this I con:end is useless and out of good taste, for they 
cannot be seen to any advantage, as in ordinary cases 
1 hey fall below the eye; except when seated, and then 
they are so nearly on a level with it, that they cannot be 
seen to any advantage. If therefore one half of the ex- 
pense of ntouldings should be laid out in the frieze and 
pilasters or columns, they would have a nmch better ap- 
pearance, and display a more refined taste. To illustrate 
njy opinions, I refer to plates 73 and 74, and to the 
chimney pieces in * Tremont House,' Boston, designed 
by Istaiah Rogers, Esq., Architect. 
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DOORS. 



[In OUT Borthem climate, the fewer doors a room has, the more it will be comfortably habitable ; for as we have much more cold than ho 
weather, it is veiy necessary to make the rooms as dose as possible, otherwise they will not be fit to live in, the greater part of the year. Where- 
fore it will be advisable, never to make either mora windows or doors than are absolntely necessary ; and the feigning doors to correspond with 
the real ones, may certainly be omitted on many, or on most occasions. In this country, the real and feigned doors of a room, with their oma* 
ments, frequently cover so great a part of the walls that there is no place left for either pictures or fnraitnre.] 



Doors of entrance to private houses should not be less 
than three feet wide, nor more than six feet; but to 
churches, theatres, and other public structures, where 
there is a constant ingress and egress of people, and fre- 
quently great crowds, the apertures must be larger, and 
their width cannot be ^ess than six feet, nor should it 
exceed ten or twelve. 

In settling the dimensions of the apertures of doors, 
regard must be had to the architecture with which the 
door is surrounded. If it be placed in the intercolumnia- 
tiou of an order, the height of the aperture should never 
exceed three quarters of the space between the pave- 
ment and the architrave of the order ; otherwise there 
cannot be room for the ornaments of the door. Nor 
should it ever be much less than two-thirds of that space, 
for then there will be room sufficient to introduce both an 
entablature and a pediment, without crowding : whereas, 
if it be less, it will appear trifling, and the inlercolumnia- 
tion will not be sufficiently filled. The apertures of doors 
placed in arches, are regulated by the imposts ; the top 
of the cornice being generally made level with the top 
of the impost And when doors are placed in the same 
line with windows, the top of the aperture should level 
with the tops of the apertures of the windows ; or if that 
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be not practicable without making the door much larger 
than is necessary, the aperture may be lower than those 
of the windows, and the tops of all the cornices made on 
the same level. 

With regard to the situation of the principal entrance, 
Palladio observes, that it should be so placed as to admit 
of an easy communication with every part of the build- 
ing. Scamozzi compares it to the mouth of an animal ; 
and as nature, says he, has placed the one in the mid- 
dle of the face, so the architect ought to place the 
other in the middle of the front of the edifice, — that 
being the most noble situation, the most majestic and 
convenient. In several of the palaces at Rome, as those 
of the Pamfili in the Corso, and of the Bracciano, at 
Santi Apostoli, there are two principal entrances in the 
same aspect ; but this is, in general, to be avoided, as 
it leaves strangers in doubt where to seek for the state 
apartments, which should always be contiguous to the 
principal entrance. In interior dispositions, the doors 
of communication must be situated, as much as possible, 
in a line ; the advantages of which are, that it contributes 
towards the regularity of the decoration, facilitates and 
shortens the passage through the apartments, in summer^ 
or on public occasions, when the doors are set open^^ 
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DOORS. 



it produces a free circulatioa of air, and likewise gives 
a much more splendid appearance to the apartments, by 
exposing to view at once the whole series of rooms, 
which is more particularly striking when the apartments 
are illuminated, as on occasions of balls, routs or other 
rejoicings. There should, if possible, be a window at 
each end of the building, directly facing the line of the 
doors of communication ; so that the view may be more 
extensive, and take in at once, not only all the rooms, 
but likewise parts of the gardens, or other prospects 
surrounding the building ; and whenever this is not prac- 
ticable, it will do well to place mirrors at each end of 
the apartment, or to counterfeit doors, and fill them 
with large plates of glass, or with sashes and squares 
of looking-glass, as is the custom in France, which by 
reflection multiply the rooms, the doors, and other objects, 
making an apartment, though limited or small, appear 
very considerable. 

The door of entrance from halls, vestibules, or anti- 
chambers, either to the principal apartment, or to any 
ecen of the inferior ones, should be in the middle of the 
room, if possible, and facing a window ; those that lead 
to galleries, or any other long rooms, should be in the 
middle of one of the ends ; and in general, all entrances 
should be so contrived as to offer to view, at the first 
glance, the most magnificent and extensive prospect of 
the place they open into. The doors of communication 
from one room to another, of the same apartment, must 
be at least two feet distant from the front walls, that the 
tables placed against the piers, between the windows, or 
other pieces of furniture put there, may not stand in the 
way of those who pass. In bed-rooms, care must be 
taken to make no doors on the sides of the bed, unless it 
be to communicate with a water closet, wardrobe, bath, 
or other conveniency of that kind, as well on account of 
the draught of air as of the noise communicated through 
them, or attending their opening and shutting ; both of 
which are always troublesome, and on some occasions 
dangerous. Neither ought doors to be placed near chim- 
neys, for the same reasons, and as the opening of them 
would disturb those who sit by the fire. 

In composing doors, regard must be had, both in 
their size and enrichments, to the place they lead to. 
Those that give entrance to churches, theatres, state 
apartments, or other places of consequence, must be 
large and profusely enriched ; but such as open to 
humbler habitations, may be small and sparingly deco- 
rated, unless the nature of the building should require 



otherwise. Where several doors are in the same 
aspect, as on the inside of a hall, saloon, or gallery, 
they should be all of the same size and figure, unless 
there be many, in which case the principal ones, pro- 
vided they stand in the middle of a side, or in the 
middle of the ends of the room, may be larger, of a 
different form, and more abundantly adorned than the 
rest. But, whenever more than two sorts are intro- 
duced in one room, it always tends to confuse the 
spectator. 

The commonest sort of doors are made of pine, 
painted in various manners, and the better kind of them 
are of mahogany or oak, or different sorts of rare 
wood inlaid. With regard to their construction, 
strength, beauty and straightness are to be considered ; 
all which purposes are answered by composing them of 
several panels. The number of these must depend 
on the size of the door, which should likewise regulate 
the thickness, both of the panels and the framing. If 
the doors be adorned with ornaments of sculpture, as 
is sometitnes usual in very rich buildings, they must 
either be sunk in, or kept very flat upon the suriace, 
both for the sake of lightness, and to prevent their being 
broken. The panels may be either raised or flat, and 
surrounded with one or two little plain or enriched 
mouldings, contained in the thickness of the framing ; 
not projecting beyond it, as is sometimes seen in old 
buildings. 

Doors that exceed three feet and a half in breadth, 
are generally composed of two flaps ; by which means 
each part is lighter, when open does not project so far 
into the room, and when required, may be made to 
fold entirely into the thickness of the wall. It is to 
be observed, that all doors should open inwards, other- 
wise in opening a door to give a person entrance, 
it must open in his face, and may chance to knock him 
down. 

For a variety of Doors in the modern taste, see Plates 
75, 76, 77, 78, and 79. 

PLATE 75. 

Figs. 1 and 2. Designs for outside doora 

Figs. 3 and 4. Horizontal section of the same, 
with a projection of the threshold, steps and pilas- 
ters. 

Fig. 6. Section of the style, panel and moulding. 

Fig. 6. Section of the pilaster and plinth. 
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PLATE 76. 

Fig. 1. Door enclosed ia a portico, and the styles 
rails and muntens, marked in inches. 

Fig. 2. The triglypb of the portico in the Grecian 
style, showing the angle applied to the comer. 

Fig. 3, shows the projection of a portica 

Fig. 4. Projection of the wall of a building. 

PLATE 77. 

This plate represents the modern and most approved 
method of constructing ShopFronts. 

Fig. 1, is a Doric elevation. 

No. 2. The ground plan. 

Fig. 3. Elevation of Shop Front, with stone posts 
and caps. 

No. 3. Ground Plan. 

PLATE 78. 

Fig. 1. Front door finished in the Ionic style, the 
pillars supporting the cap in the walL 

Fig. 2. The recess and side view of the column. 

Fig. 3. The recess of the door from the column and 
step on which the pillars stand. 

Fig. 4. The ceiling of tbe recess and inverted capi- 
tak of the column. 

Fig. 6. Style, panel and moulding of the door. 

PLATE 79. 

Figs. 1, 2 and 3. Design for inside doors. 

Fig. 1, shows the finish with double architrave. 

No. 1. Design of a single architrave. 

Noa. 2 and 3. Designs of double architraves. 

Noa. 1, 2 and 3 are drawn to the scale represented in 

PtG. 6. 



Fig. 4. Section of the finish of a door with pilas- 
ters. 
No. 1, shows the firame of the door jamb. 
No. 2. The grounds. 
No. 8. Tbe stop. 
Nos. 4 and 5. The pilasters. 
Nos. 6 and 7. The projection of the plinth. 
No. 8. The lath and plastering. 

Good taste has taught us to avoid the multipUcation 
of small members, on inside finishing, and to adopt in 
their place plane surfaces, or appropriate mouldings of 
a proper size with their necessary arrangements, as it is 
much easier executing a proper finish of painting ; the 
necesssry application of a pomice stone or sand paper, to 
produce a smooth surface, is rendered impracticable, by 
numerous close quirks, without injuring the paint on the 
other parts. On a plane surface the work is much 
easier cleansed, and by this style of finish, which re- 
jects everything that is mean and trifling, that manly 
character is given to the work, which the refined taste of 
ancient and modern architects have so much admired. 

The proportions' of the architraves and pilasters for 
inside finish. The architraves for windows and doors in 
any one apartment should be nearly of the same width, 
where a uniformity of appearance requires it Add to- 
gether the width of thq door and of the window and tbe 
splay, find the mean width, then divide it by 7, which 
gives tbe width of the architrave ; but where fancy pilas- 
ters are required, divide by 6, which gives one sixth of 
the width of the opening for the width of the pilasters. 
The designs in Plates 79, 82, and 83, give nearly the 
full size that those in general use are executed. 



SLIDING PARTITIONS. 



Many attempts have been made to improve the con- 
structioQ of folding and sliding doors in dwelling houses, 
in order to enlarge the apartraenis so as to accommodate 
large parties, or at such other times as may be required. 
A very economical plan has been adopted in this country, 
that is, to slide the doors on castors between the two 
close partitions, so that they can be moved in opening 
and closing with little exertion. The finish of these 
doors should correspond with the rest of the room. 
There has, of late, been introduced another sort of slid- 
ing door or partition, which in many situations is deci- 
dedly the best, as the aperture can be much widened 
thereby, and afford a more systematical finish, as regular 
columns can be inserted on either side, and any one of 
the orders can be selected, as circumstances may require. 
In the first-mentioned plan, one half, only, of the distance 
across the room can be thrown into the aperture ; whereas, 
by the latter method, only one fourth of the width of th 
room will be taken for the columns and necessary finish, 
and may be so constructed as to be moved up and down 
with less force than those moving in a horizontal direc- 
tion. To illustrate this subject, I refer to Plate 80. Fig. i 



1 is the design of the panel doors ; B, the thickness of 
the flooring ; S, S, S, S, the stationary parts of the 
partition. 

Fig. 2. A section showing the thickness of tlie slid- 
ing partition, with the projection of the plinths and col- 
umns at A, R, R. 

Fig. 3. A section through the partition in the story 
above. C, the thickness of the flooring ; D, the floor- 
ing of the next story above; E, the weights and cord 
by which the partition is suspended. Here I would 
observe that the weight of the partition should be ascer- 
tained, and the weights made to overbalance it, eo 
as to overcome nearly one half of the friction ; if care 
is taken in the proper construction of the puUies, it can 
be moved with ease. G G, the puUy posts : H I, the 
furring. 

Fig. 5. J K shows the groove and tongue to guide 
the partition. 

Fig. 4. A section through the partition. L, the 
puUy ; X X, the finish each side of the box ; O, the 
box ; N M, a section of the girders, between which the 
partition slides ; P, the partition ; d, the girder. 



IJ !■■:.-> K'.v ,■■'.);< A S ',!l)l', I'AK'l'rnO'. 



r"^ 



I 



■/!■.',;■ 



□ D 



anlna 



Q 



QP 



on 



□ n 



□ p 



-T^J 



[.] 






CONSTRUCTION OF WINDOWS. 



[There hai been in this branch of architecture, 08 well as nil others, a variety of changes and modifications to suit the taste and fashion of the 
times. In civilized countries, convenience and beautjr are consulted ; whereas in barbarous countries, strength and safety are their most neces- 
sary requisites. In this enlightened and happy country, every man of taste adorns his hikbitation with such as he may deem to be most eonvea- 
ient, economical and ornamental. The enriching of windows with ornaments is of ancient date, and has been handed down to oa, in commoa 
with most of the grand principles of the arts and sciences.] 



The proportions of the apertures of windows, depend 
upon their situation ; their width in all the stories must 
be the sanr)e, but the different heights of the apartments 
make it necessary to vary the heights of the windows 
likewise. In the principal floor it may be from two and 
one eighih of the width to two and one third, according 
as the rooms have more or less elevation ; but in the 
ground floor, where the apartments are usually somewhat 
lower, the apertures of the windows should seldom exceed 
a double square ; and when they are in a rustic basement, 
they are frequently made much lower. The windows of 
the second floor may be, in height from one and a half 
of their width to one and four fifths ; and those of attics 
or mezzanines, either a perfect square or somewhat lower. 
The character of the order in which the windows are em- 
ployed, and that of the profiles with which they are 
enriched, must, likewise, in some measure be consulted, 
and the apertures be made more or less elevated, as the 
order of the whole decoration, or of the window itself, is 
more or less delicate. 

The windows of the principal floor are generally 
most enriched. The simplest method of adorning them 
is with an architrave surrounding the aperturOi covered 
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with a frieze and cornice suited thereto ; but when the 
aperture is remarkably high with respect to its width, it 
becomes necessary to spread the ornaments on the sides 
thereof, by flanking the architrave with columns, pilaster^ 
I or consoles, in order to give the whole composition an 
agreeable proportion. The windows of the ground floor 
are sometimes left entirely plain, without any ornaments 
whatever ; at other times they are surrounded with an 
architrave, or with rustics, or have a regular architrave 
crowned with its frieze and cornice. Those of the 
second floor have generally an architrave carried entirely 
round the aperture ; and the same is the method of 
adorning attic or mezzanine windows; but these two last 
have seldom or ever either frieze or cornice, whereas the 
second floor windows, whenever their aperture ap- 
proaches a double square, are often adorned with both. 
The sills of the windows on the same floor should 
be on the s uw". level, and raised above the floor, 
from two feet nine inches to three feet at the very 
most. When the walls are thick, they should be re- 
duced under the aperture of the windows, for the con* 
veniency of looking out, and .-^ftaii may be contrived 
to fit these recesses, as is the custom in many mod* 
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ern houses. In France, and now too oAen here, the 
windows arc carried quite down to the floor, wliich, 
whea the building is surrounded with gardens or other 
beautiful prospects, renders the apartments excedingly 
pleasant in summer, but then they become exceedingly 
cold in winter ; and the iron work, which in France, and 
latterly very much here, is placed on the outside by way 
of fence against accidents, ought never to take place 
where regular architecture is intended ; for all the gilding 
and flourishing in the world can never make it tolerably 
accordant with the rest of the composition. 

In regular built houses, the sills of the windows on 
the ground floor should be raised six feet above the pave- 
ment on the outside of the building, to hinder passengers 
from looking into the apartnents ; but when this cannot 
be done without raising the floor itself more than may be 
necessary, the lower parts of the windows may be fur- 
nished with blinds. The tops of the apertures of 
windows should never, within the apartments, be carried 
up close to the cornice of the room ; a sufiicidnt space 
ought always to be left for an architrave, or at least two 
or three inches betweeen the architrave and cornice. A 
space usually occupied by the curtain-lath. 

The interval between the apertures of windows de- 
pends, in a great measure, on their enrichments. The 
width of the aperture is the smallest distance that can be 
between them, and twice that width should in dwelling- 
houses be the largest ; otherwise the rooms will not be suf- 
ficiently lighted, and the building will have rather the ap- 
pearance of a prison than of a structure caculated for the 
conveniences and enjoyments of life. The purpose for 
which the building is intended should regulate the quantity 
of light to be introduced ; and therefore in dwelling-houses, 
and all places where comfort and pleasure are the main 
purposes, there cannot be too much. But in sacred 
structures, which should effect the mind with awe and 
with reverence, or in other great works where grandeur 
of style is aimed at, it should be cautiously and rather 
sparingly distributed. 

The windows nearest to the outward angles must be at 
least the width of their aperture distant from the angle, 
and a larger space will be still more seemly, and render 
the building more solid. In all the stories of the same 
aspect^ the windows must be placed exactly one above 
the other, and those to the left symmetrize with those to 
the right, in size, situaiion, number and figure. 

The reasons for all these things are obvious e^nough, 
and therefore it is needless to mention them. TJie licen^ 



tious practice of intermitting the architrave and frieze of 
an order, in the intervals between the columns or pilas- 
ters, to make room for windows and their enrichments, 
which are carried close up to the cornice, can on no ac- 
count whatever be suffered in regular architecture, it 
being in the highest degree absurd to carry the windows 
above the ceiling, and great want of judgment in an archi- 
tect to intermix and crowd together such a number of 
rich complicated parts, as are those of the entablature of 
the order and the entablatures of the windows. Besides, 
the whole beauty of the order, when so mutilated is 
destroyed ; its proportions and figure being entirely 
changed. An interruption of the whole entablature, to 
make room for a window, and converting it into an im- 
post to the architrave, is a license equally unpardonable. 

The common sort of builders in this cotmlry are ex- 
tremely fond of variety in the ornaments of windows, and 
indeed in every other part of a building, imagining, prob- 
ably, that it etrays a barrenness of invention to repeat 
the same object frequently. I have seen a house with 
only eleven windows in the whole front, and yet there 
were seven different sorts. At another place, the case is 
the same, there being seven or eight sorts of windows in 
the same aspect ; and the like is to be met with in many 
other buildings, both in town and in the country. Tliese 
inventive gentlemen would do well to give their attention 
to some professors of the mechanic arts, who, though 
exercising their talents on meaner objects, are neverthe- 
less worthy of their imitation. No tailor thinks of em- 
ploying seven or eight kinds of buttons on the same 
coat; a cutler will not make ten different sorts of knives 
for the same set ; and if a cabinet-maker be trusted to 
furnish a room, he seldom introduces more than one or 
two sorts of chairs. Their practice is founded on ex- 
perience; the general approbation of mankind is the 
standard they go by. 

We do not discover, either in the works of antiquity or 
those of the great modern architects, any traces of thb 
childish hankering after variety. The same object is 
frequently by them repeated a hundred times over, and 
this is one of the causes of that amazing grandeur, that 
noble simplicity, so much to be admired in their produc- 
tions. 

This sameness must, however, have its limits, for, when 
carried too far, the imagination of the beholder stagnates 
for want of occupation. In the most admired marks of 
architecture we find the same object generally continued 
throughout the same level : thus one order and one sort 
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of windows or niches generally reign throughout the i 
story ; but in other stories, where the eye and the imagi- 
nation necessarily assume a fresh course, the decoration 
is altered. 

Sometimes, however, it may be necessary to increase 
the size, and vary the figures of the windows, either in 
the centre break or in some other prominent part of a 
front, in order to light a saloon, a gallery, or a hall, 
higher than the rest of the room. But then it will always 
be advisable to repeat the same form if simple, as an arch, 
three, five, or more times, according to the extent of the 
plan, 80 that the mind may be in some degree satiated, 
before it is conducted to a new object. 

Venetian windows and Venetian doors too, are on some 
occasions necessary, particularly in small buildings, to 
light a hall, a vestibule, or such other rooms as cannot 
admit of two windows, and yet would not be sufficiently 
lighted with one. But where they can be avoided, it is 
best ; for the columns which separate the large interval 
from those on the sides, form such slender partitions, that, 
at a distance, they are scarcely perceived, and the whole 
looks like a large irregular breach made in the wall ; and 
however advisable it may be to repeat the same form as 
has above been mentioned, the repetition of these Venetian 
windows should always be avoided. 

The sashes of windows are generally made of pine, 
cherry, or mahogany, and sometimes of iron, copper, or 
other metals. Our artificer? excel in these works ; they 
make them very neatly, and though in appearance slight, 
very strong. The squares of glass are proportioned to 
the size of the windows, there being commonly three in 
width and four in height, whatever be the dimensions of 
the window ; each sash is composed of two equal parts, 
placed one above the other, and either the lowermost, or 
both of them, being hung on puUies and counterpoised 
with weights, and moved up and down with great ease, 
both the cords and the weigfliis being concealed. These 
are much neater, and mucli more convenient, than the 
French ones, which are cotnpiised of two verticil divis- 
ions, turn on hinges, and are shot with an apparatus of 
iron work, always in the way, and weighing almost an 
* hundred weight. The sliniters are always within the 
apartments wherever beauty is aimed at, those on the 
outside destroying the appearance of the front. They 
are divided into several vertical slips, folding behind each 
other, for the conveniency of ranging or boxing them, 
when open, in the thickness of the wall. Each slip or 
fold is framed and compo&ied of several panels, either 



raised or flat, surrounded with small mouldings contained 
in the thickness of the framing, which, when the profiles 
in the room are eiiriched, should likewise be so, at least 
on the fold that faces the aperture when the shutters are 
turned back ; the front of which must stand flush with 
the inner edge of the architrave surrounding the window, 
all the other folds being ranged behind it. I have given 
in Plates 81 and 82, the mode of finishing Window 
Frames, Sashes, and Shutters. 

PLATE 81. 

Fig. 1. Shows the disposition of the members of a 
window frame and shutters. 

No. 1. The outside moulding against the wall 

No. 2. The outside casing. 

No. 3. The pulley style. 

No. 4. The inside casing. 

No. 5. The back casing. 

No. 6. The parting slip. 

No. 7. The parting bead. 

No. 8, 8. The weights. 

No. 9. The recess of the wall. 

No. 10, 10, 10, 10. The styles of the shutters. 

No. 11, 11. The panels of the shutters. 

No. 12. The back furring for the splay of the 
window. 

No. 13. The ground. 

No. 14. Section of the pilaster. 

No. 15. The back lining. 

No. 16. The thickness of the plastering. 

FfG. 2. Shows the disposition of shutters folding back 
on a right line with the plastering. 
No. 1. The inside casing. 
No. 2. Hinge casing. 
No. 3, 3, 3, 3. Styles of the shutters. 
No. 4, 4. Panels. 
No. 6. Back casing. 
No. 6. Box casing. 
No. 7. Plastering. 
No. 8. Band moulding. 

Fig. 3. Section of part of a shutter. 
No. 1. The style. 
No. 2. Panel. 
No. 3. Moulding. 

Fig. 4. Moulding, different from Fig. 3. 
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Fig. 5. Section through the frame and sasb, and 
shows the manber of setting the sash into the frame. 
No. 1. The manner of joining the soffit to the frame. 
No. 2. Cap of the frame. 
No 3, 3. Casings of the frame. 
No. 4. Top fail of the sash. 
No. 5. Munten of the sash. 
No. 6, 6. Meeting raib. 
No. 7. Munten. 
No. 8. Bottom rail. 
No. 9. Window sill. 
No. 10. Stop bead. 
No. 11. Back. 
No. 12. Back bead. 
No. 1 3. Outside* moulding. 
FiGd. 6 and 7. Sections of sash muntens. 

PLATE 82. 

INSIDE FINISH OF WINDOWS. 

Fig. 1. The soffit, showing the grooves at each end 



for (he back lining, also the manner in wkich the shut- 
ters are enclosed under it 

Fig. 2. The back and elbows. 

No. 1., the back. 2, 2, the elbows. A;, k^ the grooves 
from the back, t, t, the tongues for the elbows. 

The dotted line shows the height the plinth shouU 
cover. 

Fig. 2. a, d, cl, section of the back and elbows, i, 
the skirting of the floor. 

Fig. 4. a, e, c, the phnths to the back and elbow. 
A, A, plinths of the pilasters or architraves. B, B, sec- 
tion through the plinths. C, the bead of the architrave. 
E, stop bead for the sash. F, moulding for the panel. 
H, parting bead. 

Fig. 5. Outside fold of the shutter. 

Fig. 6. Meeting fold of the shutter. 
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FANCY PILASTERS. 



Haying treated upon the composition of pilasters, 
in page 108, it is deemed proper in this place to give 
a description of a composition called pilasters, differ- 
ing in their construction and use from those before 
mentioned. 

They are ornamented with parallel grooves, elliptical 
or regular circles, &c., and are in most cases adopted in 
the composition of inside door or window furnish. These 
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kinds of pilasters are in many cases very convenient, and, 
when executed with taste, strike the eye very agreeably. 
They do not project so far as the regular proportions of 
those given in the description before alluded to, and con- 
sequently the hinges need not project so far into the 
room in order to let the door swing back to a parallel 
line with the partition. In plates 83 and 84, a variety 
of specimens of this style of pilasters, are given. 



STAIRS. 



[Tins 11 one of the moit important mbjoett connected with the art of building, and ahonld be attentively conndered, not only with ragard to 
thf aitiiatioa, but as to the design and exeeation. The convenience of the bnilding depends on the sitoation ; and the elegance, on the ^i^n yj 
and execution of the workmanship. In contriTing a grand edifice, particnlar attention most be paid to the sitoation of the space occupied by 
die stairs, so as to give them the most easy command of the rooms. 

* Staircases,* says Palladio, * will be commendable, if they are clear, ample and commodions to ascend ; inviting, as it were, people to go vp : 
they will be clear, if they have a bright and equally difihse light : they will be sofficiently ample, if they do not seem scanty and narrow to die 
size and quality of the fabric ; but theyjdionld never be less than four feet in width, that two persons may pass each other : they will be con- 
venient with respect to the whole building, if the arches under them can be used for domestic purposes ; and with respect to persons, if their 
ascent is not too steep and difficult, to avoid which, the steps should be twice as broad as high.] 



With regard to the lighting of a good staircase, a sky- 
light or rather lantern, is the most appropriate ; for these 
unite elegance with utility — ^that is, admit a powerful light, 
with elegance in the design ; indeed, where the staircase 
does not adjoin the exterior waQ, this is the only light that 
can be admitted. Where the height of a story is consid- 
erable, resting places are necessary, which go under the 
name of quarter-paces and half-paces^ according as the 
passenger has to pass one or two right angles ; that is, 
as he has to describe a quadrant or semi-circle. In very 
high stories, which admit of sufficient head-room, and 
where the space allowed for the staircase is confined, 
the staircase may have two revolutions in the height of 
one story, which will lessen the height of the steps ; but 
in grand staircases only one revolution can be admitted, 
the length and breadth of the space on the plan being 
always proportioned to the height of the building, so as 
to admit of fixed proportions. 

The breadth of the steps ought never to be more than 
fifteen inches, or less than nine ; the height not more than 
■even, or less than five: there are cases, however, whiph 



are exceptions to all rule. When the height of the story 
is given in feet, and the height of the step in inches, you 
may throw the feet into inches, and divide it by the 
number of inches the step is high, and the quotient will 
give the number of steps. 

It is a general maxim, that the greater breadth of a 
step requires less height than one of less breadth : thus 
a step of 12 inches in breadth will require a rise of 5} 
inches, which may be taken as a standard, to regulate 
those of other ditnensions. 

Though it is desirable to have some criterion as a guide 
in the arrangement of a design, yet workmen will, of 
course, vary them as circumstances may require. Stairs 
are constructed variously, according to the situation and 
destination of the buiding. 

Geometrical stairs are those which are supported by . 
having one end fixed in the wall, and every step in the 
ascent having an auxiliary support from that immediately 
below it, and the lowest step from the floor. 

Bracket stairs are those which have an opening or well 
with strings and newels, and are supported by landings 
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and carriages ; the brackets are mitred to the ends of 
each riser, and are fixed to the string-board, which is 
moulded below like an architrave. 

Dog-legged stairs are those which have no opening, or 
well-hole, and have the rail and balusters of both the pro- 
gressive and returning flights falUng in the same vertical 
planes, the steps being fixed to strings, newels and car- 
riages, and the ends of the steps of the inferior kind ter- 
minating only upon the side of the string, without any 
nosing. In taking dimensions and laying down the plan 
and section of staircases, take a rod, and, having ascer- 
tained the number of steps, mark the height of the story 
by standing the rod on the lower floor ; divide the rod 
into as many equal parts as there are to be risers, then, if 
you have a level surface to work upon below the stair, 
try each of the risers as you go on, and this will prevent 
any excess or defect ; for any error, however small, when 
multiplied, becomes of considerable magnitude, and even 
the difference of an inch in the last riser, will not only 
have a bad effect to the eye, but will be apt to confuse 
persons not thinking of any such irregularity. In order 
to try the steps properly by the story rod, if you have not 
a level surface to work from, the better way will be, to 
lay two rods on boards, and level their top surface to that 
of the floor ; place one of these rods a little within the 
string, and the other near or close to the wall, so as to 
be at right angles to the starting line of the first riser, 
or, which is the same thing, parallel to the plan of the 
string ; set off the breadth of the steps upon these rods, 
and number the risers ; you may set not only the breadth 
of the flyers, but that of the winders also. In order to 
try the story rod exactly to its vertical situation, mark the 
same distances of the risers upon the top edges, as the 
distances of the plan of the string-board and the rods are 
from each other. 

In bracket stairs, as the internal angle of the steps is 
open to the end, and not closed by the string as in com- 
mon dog-legged stairs, and the neatness of workmanship 
is as much regarded as in geometrical stairs, the balus- 
ters must be neatly dove-tailed into the ends of the steps, 
two in every step. The face of each front bahister must 
be in a straight surface with the face of the riser, and, as 
all the balusters must be equally divided, the face of the 
middle baluster must stand in the middle of the face of 
the riser of the preceding step and succeeding one. The 
risers and heads are all previously blocked and glued 
together, and when put up, the under side of the step nail- 
ed or screwed into the under edge of the riser, and then 



rough brackets to the rough strings, as in dog-legged stairs, 
tbe pitching pieces and rough strings being similar. In 
gluing up the steps, the best method is to make a templet, 
so as to fit the external angle of the steps with the 
nosing. 

The steps of geometrical stairs ought to be constructed 
so as to have a very light and clean appearance when 
put up: for this purpose, and to aid the principle of 
strength, the risers and treads, when planed up, ought 
not to be less than one eighth of an inch, supposing the 
going of the stair, or length of the step, to be four feet, 
and for every six inches in length, another one-eighth 
may be added. The risers ought to be dove-tailed into 
the cover, and when the steps are put up, the treads are 
screwed up from below to the under edge of the risers. 
The holes for sinking the heads of the screws ought t 
be bored with a centre bit, then fitted closely in with 
wood, well matched, so as entirely to conceal the screws, 
and appear as one uniform surface. Brackets are mitred 
to the riser, and the nosings are contined round. In this 
mode, however, there is an apparent defect; for the 
brackets, instead of giving support, are themselves un- 
supported, and dependent on tbe steps, being of no 
other use, in point of strength, than merely tying the risers 
and treads of the internal angles of the step together; and 
from the internal angles being hollow, or a, re-entrant 
angle, except at the ends, which terminate by the waU at 
one extremity, and by the brackets at the other, there 
is a want of regular finish. The cavetto, or hollow, is 
carried round the front of the riser, and is returned at the 
end, and mitred round the bracket, and if an open string, 
that is, tbe under side of the stairs open to view, the hol- 
low is continued along the angle of the step and riser. 

The best plan, however, of constructing geometrical 
stairs is, to put up the strings, and to mitre the brackets 
to the risers, as usual, and enclose the sc^t with lath and 
plaster, which will form an inclined plane under each 
flight, and a winding surface under the winders. In 
superior staircases, for the best buildings, the soffit may 
be divided into panels. If the risers are made from two* 
inch planks, it will greatly add to the solidity. 
. In constructing a flight of geometrical stairs, where the 
soffit is enclosed as above, the bearers should all be framed 
together, so that when put up, they will form a perfect 
stair-case. Each piece of frame-work, which forms a 
riser, should, in the partition, be well wedged at the ends. 
This plan is always advisable when strength and firmness 
are requisite, as the steps and risen are entirely depen* 
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deQt on the framed carriages, which, if carefully put 
together, will never yield to the greatest weight. 

In preparing tiie string for the wreath part, a cylinder 
should be made of the size of the well-hole of the stair- 
case, which can be done at a trifling expense ; then set 
the last tread and riser of the flyers on one side, and the 
first tread and riser of the returning flight on the opposite 
side, at their respective heights; then 6n the centre of the 
curved surface of this cylinder, mark the middle between 
the two, and with a thin slip of wood, bent round with 
the ruling edge, cutting the two nosings of these flyers, 
and, passing through the intermediate height marked on 
the cylinder, draw a line, which will give the wreath line 
formed by the nosings of the winders ; then draw the 
whole of the winders on this line, by dividing it into as 
many parts as you want risers, and each point of division 
is the nosing of such winder. Having thus far proceed- 
ed, and carefully examined your heights and widths, so 
that no error may have occurred, prepare a veneer of the 
width intended for your string, and the length given by 
the cylinder, and after laying it in its place on the cylin- 
der, proceed to glue a number of blocks about an inch 
wide on the back of the veneer, with their fibres paral- 
lel to the axis of the cylinder. When dry, this will form 
the string for the wreath part of the staircase, to be fram- 
ed into the straight stnngs. It is here necessary to 
observe, that about five or six inches of the straight 
string- should be in the same piece as the circular, so that 
the joints fall about the middle of the first and last flyers. 
This precaution always avoids a cripple, to which the 
work would otherwise be subject. 

The branch of Stair-building that falls under our next 
and last consideration, is that of hand-railing; which calls 
into action all the ingenuity and skill of the workman. 
This art consists in constructing han(}-rails by moulds, 
according to the geometrical principles, that if a cylinder 
be cut in any direction, except parallel to the axis 
or base^ the section will be an ellipsb; if cut parallel 
to the axis, a rectangle ; and if parallel to the base, a 
circle. 

Now^ suppose a hollow cylinder be made to the size of 
the well*hoIe of the stair-case, the interior concave, and 
the exterior convex ; and the cylinder be cut by any in- 
cUned or oblique plane, the section formed will be bound- 
ed by two concentric similar ellipses ; consequently, the 
section will be at its greatest breadth at each extremity of 
the larger axis, and its least breadth at each extremity of 
the smaller axis. Therefore, in any quarter of the elUpsis 



there will be a continued increase of breadth from the 
extremity of the lesser axis to that of the greater. Now, 
it is evident that a cyUnder can be cut by a plane through 
any three points ; therefore, supposing we have the height 
of the rail at any three points in the cylinder, and that 
we cut the cylinder through these points, the section will 
be a figure equal and similar to the face-mould of the 
rail ; and if the cylinder be cut by another plane parallel 
to the section, at such a distance from it as to contain 
the thickness of the rail, this portion of the cylinder wiD 
represent a part of the rail with its vertical surfaces 
already worked : and again, if the back and lower sur£Gu:e 
of this cyliudric portion be squared to vertical lines, either 
on the convex or concave side, through two certain paral« 
i el lines drawn by a thin piece of wood, which is bent on 
that side, the portion of the cylinder thus formed wilt 
represent the part of the rail intended to be made. 

Though the foregoing only relates to cylindrical well- 
holes, it is equally applicable to rails erected on any seat 
whatever. 

T!he face-mould applies to the two faces of the plank, 
and is regulated by a line drawn on its edge, which line 
is vertical when the plank is elevated to its intended po- 
sition. This is also called the raking-moiild. 

T^Yi^ falling-mould is a parallel piece of thin wood ap- 
plied and bent to the side of the rail-piece, for the pur- 
pose of drawing the back and lower surface, which should 
be so formed, that every level straight line, directed to the 
axis of the well-hole, from every poiQt of the side of the 
rail formed by the edges of the falling mould, coincide 
with the surface. 

In order to cut the portion of rail required, out of the 
least possible thickness of stuff, the plank is so turned up 
on one of its angles, that the upper surface is nowhere 
at right angles to a vertical plane passing through the 
chord of the plane : the plank in this position is said to 
be sprung. 

The pitch-board is a right-angled triangular board 
made to the rise and tread of the step, one side forming 
the right angle of the width of the tread, and the other 
of the height of the riser. When there are both winders 
and flyers, two pitch-boards must be made to their re- 
spective treads, but, of course, of the same height, as all 
the steps rise the same. 

The bevel by which the edge of the plank is reduced 
from the right angle when the plank is sprung, is termed 
the spring of the plank, and the edge thus bevelled is 
called the sprung edge. 
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The bevel by which the fece rnould is regulated to 
each side of the plank, is called the pitch. 

The formation of the upper and lower surfaoe of a 
rail is called the falling of the rail ; the upper surface 
of the rail is termed the back. 

In the construction of hand-rails, it is necessary (o 
spring the plank, and then to cut away the superfluous 
wood, as directed by the draughts, formed by the face 
mould ; which may be done by an experienced work- 
man, so exactly, with a saw, as to require no further re- 
duction ; and when set in its place, the surface on both 
sides will be vertical in all parts, and in a surface per- 
pendicular to the plan. In order to form the back and 
lower surface, the falling mould is applied to one side, 
generally the convex, in such a manner, that the upper 
edge of the falling mould at one end, coincides with the 
face of the plank ; and the same in the middle, and 
leaves so much wood to be taken away at the other end 
as will not reduce the plank on the concave side ; the 
piece of wood to be thu-? formed into the wreath or twist, 
being agreeable to their given heights. 

PLATE 85. 



FIG. 3, AND 4. 

To find the projection of a Helinet, on a 
Plane parallel to the axis of the Cylindrome 
and perpendicular to the cutting plane of 
the Solid. 

Let A BO DEFGHIKLMA (Fio. 3) be the 
plan of a helinet, the quadrantal part being B C D E F 
G H I K L B, and the straight part being A B L M A. 

Let Fig. 4 be the falling mould correspouding to the 
concave side of the semi-cycloid, found in the usual man- 
ner ; viz. draw any straight line X V W U ; make U V 
equal to the breadth of one of the flyers, and V X equal 
to the stretch of B F ; draw X n perpendicular to U X, 
equal to the height of as many winders as are contained 
in the circular part, together with the height of the flyer; 
draw V t perpendicular to U X, equal in height to a step, 
and join t n ; then complete the falling mould, of which 
the under edge is n op qr alJ and the upper edge 
zstuvwx; make V W equal to B A in Fig 3 ; draw 
W a perpendicular to X U, cutting the under side of the 
falling mould at a, and af parallel to U X ; then a/ is 
the stretch of A B C D E F, Fig. 3. In Fig. 3 divide 
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the quadrant B F into any equal parte B G, G D, D 
E, E F, which stretch upon af Fig. 4, according to 
the corresponding letters. In Fig. 3 besect CD at I ; 
draw I P radiating to the centre N, cutting the con- 
vex side of the plan at P ; draw F P R and F O and 
P Q, parallel to each other, making an angle with F 
R. In Fig. 4 bisect c din y, and draw y y perpendic- 
ular to a f uniting the under edge of the falling mould 
at y ; divide/ n and y y each into the same number of 
equal parte as here into three. In Fig. 3 make F O 
equal to one third of / n, and P d equal to one third 
of y y ; join O d, which produce to meet F P in R, 
Draw R M, which produce to s. In R « take any point 
m, and draw m f perpendicular to R 5 ; then paitillel to 
R Sy draw A a^, B6r/, Gcjw, Ddpv, Ecow, P 
f nx. 

From Fig. 4, transfer the heighte b r, c q, d p, e o^ 
and/ n, to the corresponding lines 6 r, c q, dp^ e o^ 
/7*, Fig. 3 ; also from Pig. 4, transfe> the lines as,rtt 
q M, p V, w, and n x^U) as^r t, q m, p v, ow and n or, 
Fig. 3 ; then through the points n o p qr a draw a curve, 
which will be the line representing the under edge of the 
inside falling mould ; also draw the curve x w vu t s^ 
which is the line representing the upper edge of the same 
falling mould. The upper and lower edges of the outeide 
falling mould will thus be found ; N being the centre of 
the quadrante B C D E F, and G H I K L ; draw N E 
H, N D I, N C K, N B L, cutting the convex side at 
H, I, K ; and draw H W, I T, K U, L T, parallel to 
R s; and E W, D V, C U, B T, parallel io fm. Also 
draw s s, t tjUUjVVj parallel io fm ; and make tt,uUf 
V Vj respectively equal to T B, U C, V D ; and com- 
plete the parallelogram tt^ss^ and draw the curve tuvJy 
which will meet the curve s t u v v> x dX J^ iht point 
where a perpendicular drawn from the centre N of the 
quadrant meete it. In the same manner And the curve 
nor ; and we shall have the whole projection of the 
helinet, which will give the thickness of the stuff required 
to make the rail ; by drawing a straight line in contact 
with two points on the under side without cutting the 
solid, and another parallel to it from the point x^ then 
the distance between these parallel lines is the thickness 
of the stuff*. 



ON THE formation OP THE FALLING MOULD. 

To find the falling Mould for a semi-circular 
Stair with Winders round the semi-circular 
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part ; or the Falling Mould for a semi-circular 
Staircase level round the semi-circle, joined 
below and above the flyers. 

PLATE 85. 

No. 1. Fig. 1. is in the plan of the rail round the cir- 
cular part, and of a small portion of the straight part 
\vtth the seats or plans of the risers round the semi- 
circular part. 

Make a b (No. 2) equal to the height of the win- 
ders ; draw a e and b d blI right angles with ab ; make 
a e and b f each equal to the development of I p or 
p m (No. 1) ; draw e I and d k parallel io ah ; make 
e I and d k each equal to the height of a step ; and join 
eg and /Ar. This description so far applies both to 
Figs. 1 and 2. 

In Fig. 1, No. 2, join e f; make e h equal to e g^ 
and/ % equal to/ Ar, and draw the touching curves g 
r k and is k ; and g r his k will be the line of the 
rail. 

In Fig. 2, No. 2, produce g eio t, -and k f io w ; 
bisect a b at s^ and through s draw / u parallel to a c 
or b d] from g t cut off t w, and from u k cut off u x^ 
each equal to ^ e or / A: ; and describe the touching 
curves g z s and s y x^ and g w z s y x k will be the 
line of rail. 

The breadth of the falling mould in common cases is 
about two inches; therefore draw the curve lines each 
at an inch distance from the line of the rail, and the 
falling mould will be completed. 

ON THE RESTING POINTS. 
PROBLEM. 

To find the position of the Plane of the Plank) 
and the Resting points, so that the thickness 
of stuff required to msfke the Helinet may be 
the least possible. 

PLATE 86. 

Fio. 1. Let abcdefgh be the plan of the rail, 
of which the part bed efg is the quadrant of a cir- 
cle, and the part a 6 ^ A of a rectangular figure; the 
straight lines a b and h g being laogents to the outer 
and inner arcs at b and g^ and the cirihilar quadrants 



bed and g f e terminated by the radii b I and g I ; 
then, suppose two equal straight lines, one erected upon 
c and the other iipon /, perpendicular to the plane of 
the plan of the rail, and let c 2 be any intermediate 
radius, cutting the interior quadrant at/; produce a h 
and clUi meet each other in k. 

Now, if a straight line be supposed to extend from 
k to the top of the line which stands upon / the straight 
line thus extended, if produced, would be higher than 
the top of the line which stands upon c ; therefore, if a 
plane pass through a k and through the top of the line 
insisting upon /, the plane will pass above the top of 
the line standing upon c, and this will be the case with 
every section except the section b g, which is parallel 
io a k ; therefore, if the plane of the plank rest upon the 
lower section a A, and upon any two other points in the 
circular part, these points must be in the concave side \ 
therefore, in this case, the resting points aie upon A,/, e, 
in the concave side of the rail. 

Again, in Fig. 2, let / c and a 6 be produced to meet 
each other in k ; then if a straight line be extended 
from k to the top of the line which stands upon c, the 
straight line thus extended, if produced, would be higher 
than the top of the line which stands upon/; therefore, 
the plane which psses through a b and through the top 
of the line which insists upon c, will be above the point 
which terminates the top of the line insisting upon /; 
whence the resting points a, c, cf, are all upon the convex 
side of the rail. 

Lastly (in Fig. 3), if a plane rests upon the top of the 
two lines insisting upon c and / and pass through the 
point a ; and if a line be supposed to stand upon e, 
perpendicular to the plane of the base, of such a length 
as to meet the plane which passes through a, and 
through the upper ends of the lines insisting upon c and 
/; it is evident that if another line be supposed to be 
erected upon d, also perpendicular to the plane of the 
has^e and equal tn height to the line insisting upon e, the 
plane which passes through the point a, and through the 
tops of the lines insissting upon c,/, e, must be above the 
top of the line insisting u|^on d ; and that the intersec- 
tion p q of the plane passing through a, and the points 
in the lines insisting upon c and /, must be parallel t6 

cf. 

It is now evident that if a 6 be produced to r, and A a 

to s, and as the intersection always passes through a, the 

line ap of the intersection of the plane must always fall 

within the right angle r a s. 
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It is likewise evident, if the resting section of the rail 
fall between cf and ah as at b g, the middle resting 
point will be over b in the convex side of the rail ; and 
if the resting section fall between c/and de^ihe resting 
point of the middle section must be on the concave side. 

SCHOLIUM I. 

In stairs constructed upon the letter D plan, with win- 
ders in the cemi-circular part joined to a series of flyers 
below and above, where the winders have a higher pitch 
than the flyers ; the two first resting points beginning at 
the lowest point, will be on the convex side of the rail, 
while that at the highest point is on the concave side. 

Fio. 4. When the lower line of heights is nothing, 
and the highest double to the middle one, the line of 
intersection will be found by drawing a line through the 
seat of the highest and middle resting point, and produ- 
cing the line on the other side of the seat of the middle 
resting point, until the part produced be equal to the 
part between the two seats, and drawing a line through 
the lowest point a, and through (he extremity of the 
point thus found ; then the line thus drawn will be the 
intersection. 

Thus, in the present case, a c and e are the resting 
points ; join e c and produce e c to k; make c k equal to 
c e, and join a k ; then a A: is the intersection, and this 
agrees with what has been obsehed ; for if a k and I c 
be produced they will meet in m, therefore / is not the 
seat of the resting point : if / were the seat of the resting 
point, making /i equal to /e, and joining a i, then a i 
would be the intersecting line, but it is not, for the point 
c is nearer to a m than/. 

Corollary. — From what has been observed (see Fig. 
5,) that the intersecting line u v never falls within the 
right angle at a or upon the plan a c d e h, therefore the 
point € is always nearer to u i; than the point if ; therefore 
the point e is the seat of a resting point. 

SCHOLIUM n. 

Fig. 6. From the same given heights, and from the 
same three resting sections of the rail, there cannot be 
more than four intersecting lines by making choice of 
one resting point from each sectidn. 

For, suppose we make choice of the points d and c as 



the seats of the resting points, and join the line d c, and 
produce d c suppose to some imaginary point X ; and 
find the point X from the heights upon d and c ; in such 
a manner that the line thus drawn may not cross the plan, 
even if produced. The same thing may be done through 
the points d and /, also through the points e and c, and 
through the points e and/; then, whichever of the points 
d OT e \9 nearest to the intersecting line u v, that point is 
the seat of the resting point. 

With regard to the ratio between the whole line drawn 
through the seats of the resting points and the part of it 
between the said seats, it is the same as the ratio be 
tween the highest line and the line insisting on the seat 
of the middle section. 

Suppose (in Fig. 5) the seats of the resting points are 
e and c ; join e c and produce it to i ; draw e I and c k 
perpendicular io e i ; make e I equal to the height insist- 
ing upon e, and c k equal to the height insisting upon c; 
join I k and produce it to i. Then because of the simi- 
lar triangles e i I and ci k, i e : i c: : e I : c k, that is, 
i c is the same part of i e that c * is of c / ; therefore, if 
e Z be double of c A:, e i will be double of c t, or t c will 
be equal to c ^. 

If the workman should not understand the demonstra- 
tion now given, he may proceed mechanically thus, the 
seats of the resting points being a, c, e. 

Join e c and produce e c io i; draw e I and c k per- 
pendicular to I c ; make e I equal to the height upon e, c 
k equal the height upon c; join / k and produce it to t, 
and join i a; then « a is the intersecting line. Produce 
i a both ways to u and v, cfioo nnd v, and d eUyo and 
u ; draw dr, e m and o q perpendicular tod u; draw o 
Pi/to and c n perpendicular to o t; ; make c n equal to 
c k, and join v n; produce vnlop; make o q equal to 
p, and e fn equal io e I ; join m q ; then if m 9 be pro- 
duced, it will meet 7/ v in w. This may easily be con- 
ceived by raising the triangles iel,v op and u e «?., upon 
their bases, ie^v c and du; then c k will coincide with 
ctiy e I with e m, and p with q; and the lines • /, " 
V p and r ti, will ail be in the inclined plane of which 
its intersection is u v, 

CONSTRUCTION OF THB PACE MOULD, 

PLATE 86. 

FiQ. 7. Let a cf e/g A t be the plan of the rail, «/ 
g hvL portion of the straight part, i being the upper and 
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/ the lower resting points. But as the place of the mid- 
dle resting point d will aifect the thickness of the stuff, 
it ought not to be arbitrarily assumed ; though it would 
be difficult to show upon any principle where it should be 
exactly. It is, however, ascertained by trial, that its 
position may vary to a considerable distance without 
affecting the thickness of the stuff in any great degree ; 
and as experiment shows that it is nearly in the middle 
of the development of a c£ e/, it is here taken in the 
middle, so that the stretch-out of a d may be equal to the 
stretch-out of d /. 

Fios. 6 and 7. In the figure of the falling mould, 
produce the base a e of the winders to/, then a e (Fig. 
6) being equal to the development of a e (Fig. 7,) make- 
a d (6) equal to the development of a d (7,) and make 
ef (6) equal to ef{7) ; draw/Z parallel to a 6 (6,) cut- 
ting the upper side of the falling mould at / (6) ; parallel 
to/ a draw I i, cutting a b at z (6) ; in il make i d (6) 
equal to i d (7) ; draw d m (6) parallel to a b, cutting 
the upper side of the falling mould at m ; draw m n par- 
allel to/ a, cutting a 6, at n ; draw d r parallel to a b, 
cutting f7» n at r (6.) 

Join r and produce it to meet il oi q ; make i q (7) 
equal \jo i q (6) ; join / q (7) and produce/yto k i. 
Through g draw k I perpendicular to k q. Through i 
draw i z parallel to kq, cutting klaiz. Make z z equal 
to i (6) ; and join k z (7) and produce k zio I: draw 
a I parallel to z z, 

TO FIND THE FACE MOULD. 

Fig. 7. Draw I a and z b perpendicular to k I ; 
make / a equal to la, zi equal to z i, and join i a; then 
i a will form the part of the face mould represented by i 
a, on the plan. Draw k f perpendicular to k /, and 
make k f equal to k / Draw g g parallel to z z, cutting. 
k I aig, and join gf. Again, draw A u parallel to z «, 
cutting k I ^iu and klalu. Draw u h perpendicular to 
k I, and mnkeu A equal iou h; draw A e parallel to gf, 
and/ e parallel to g h; then efg A will form the part of 
the face mould corresponding to the straight part efg A, 
in the plan. The intermediate points of the face mould, 
which form curves of the outside and inside of the rail, 
are thus found. Through any point c in the convex side 
of the plan draw c y parallel to z z, cutting k I ai f/ i, 
and kldXy, and the concave side of the plan at t. Draw 
y c perpendicular to k I, and in y c make y /equal to y t, 
aod-y c equal toy c; then / is a point in the concave 



side, and c a point in the convex side of the face mould 
A sufficient number of points being thus found, the curved 
parts of the face mould may be drawn by hand, or by'.^a 
slip of wood bent to the curve. 

It will be perceived, that I have beea^obliged in some 
instances to use the same letter of reference twice ; but 
they are so placed, that the one referred to can be ascer- 
tained without any difficulty. 

RECIPROCAL SPIRAL AND SCROLL. 

To draw the Reciprocal Spiral for a ScrolL 

PLATE 87. 

Suppose the ordinate o q (Fig. 1) to be given. Make 
a b (Fig. 2) equal to o q, and through b draw c rf, making 
an angle with a b ; then take 6 c in a greater or less 
ratio to 6 1, as a less or greater part of the scroll is 
wanted, or as the scroll is required to iave a flatter or 
quicker curve at the remote extremity ; for instance, b c 
in this example is double to b 1. 

Suppose the point c to be now fixed ; draw c e paral- 
lel to a 6, and a e parallel c rf, make 1, 2 ; 2, 3 ; 3, 
4 ; &c. each equal to 6 1, and draw the lines 1 c, 2 e, 
3 c, 4 c, <kc. cutting a b respectively at efg, <kc. 

In Fig. 1, divide the space round the centre o into 
eight equal angles, which will be easily done by drawing 
a circle through y, and dividing the circumference into 
eight equal parts, be^Moning at q ; draw the portions op, 
oq,or,os, ^c. Make o p (Fig. 1) equal to twice a b 
(Fig. 2,) q, (Fig. 1) is equal to a 6 (Fig. 2) ; also make 
or,os,ot, &c. (Fig. 1) respectively equal ioa e,af,a 
g, <kc. (Fig. 2.) Through all the points p, q, r, s, t, 
&c. draw the curve p qr s t, &c. which will be the 
spiral required. 

For want of room, a b (Fig. 2) is only made equal lo 
half the length it ought to have been ; for a b will be di- 
vided into parts of the same length, whether a 6 is double 
and b c equal to 6 1, or a 6 as it is, and b c double of 
bl. 

SCHOLIUM. 

This spiral is well adapted to the purpose of hand- 
railing, for it may be made close or to extend at pleasure, 
as may be seen by the subsequent examples. 

This spiral may be extended so as to form the rail 
itself by a gentle curve, which will approach nearer to 
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a straight line the more it is extended. The forms of 
slaire attached to pulpits are often very fanciful ; their 
plan requires to be formed in the most graceful manner ; 
the reMprocal spiral may be applied to this purpose \eith 
advantage, as the effect produced will be both beautiful 
and elegant. It may also be applied to form the plan 
of the riser of the curtail step into a gentle curve, \ehich 
will be in perfect unison with the scroll itself. The 
l^ns of the other steps may be formed to the same 
curve ; but the curvature may be made less in each, as 
the other risers recede from that of the curtail step, till 
at last the risers become straight. The property of this 
scroll may be shown arithmetically, thus : let any given 
radius be called unity, or one, and let this radius so 
called, be the greatest radius; let n be any constant 
number, which must be in the same scroll, but variable 
in different scrolls, and let jr be a variable number in the 
same scroll, then will ^^ represent any ordinate ; thus 
the first, second, third, 6cc. ordinates, by making x 
respectively 0, 1, 2, 3, &c, will be respectively j, 
j^j -J^, &c. By giving n a value, the form of the 
scroll will be determined. Thus, make 71 = 2, and we 
shall have the series of ordinates, J, §, f |, f, &c. 

This will give the scroll, Fig. 1, Plate 87. 

Make ns=a4 ; then =, ^^, ;^, 5^,fcc. will become 
ii t) I? t) ^^-f respectiveyf. These are the respective 
ratios of the ordinates o a, o ft, o c^od^o e, &c., Fio. 1, 
Plate 88. 

Lastly, maken=8; then =, j^^, j^i^, jji-^, &c., will 

become f , f , -]^, ^, &c., respectively. These are the 
respective ratios of the ordinates o a^ o b, o c^ o d, &;c., 
Fig. 3, Plate 88. 

So that we have botll a geometrical and an arithmetical 
rule for drawing the reciprocal spiral. 

It may here be observed that this spiral is the only 
one that can be employed in forming the volutes of the 
Corinthian capital. 

Fig. 3, Plate 88, exhibits the scroll with the scale 
drawn on the first radius. * 



To describe the Face and Falling Mould for 

preparing the scroll. 

PLATE 89. 

liCt a 6 be the first quarter of the scroll, c the cen- 
tre ; draw d e parallel to b c, touching the outer spiral 
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at d; draw e G parallel to c a ; and throogfi a, draw 
F G parallel to c i / make G F equal to the breadth of 
a step ; draw F H perpendicular to G H ; make F H 
equal to the height of a step, and join H G ; th«n G H 
is the pitch line of the stair. Draw lines parallel to a c, 
cutting the inner edge of the scroll at the points,/, g^ h ; 
the outer edge at t, A;, 2, m, n ; the straight line F G in 
the points n, o, p, ^, r, and H G at the points N, O, 
P, d, R ; let a c cut the concave side of the scroll at t^ 
and let it be produced to cut H G at A ; from the point 
A, where the line d e cuts the concave spiral of the 
scroll, draw A W parallel to a c, cutting A G at W, F 
G at Vj and the convex spiral at u. Draw W H and 
G E perpendicular to H G. 

Make W H and G R each equal to v A, or G 6, and 
join H E : through the points N, O, P, Q, R, draw 
lines perpendicular to H G; in the perpendiculars make 
A T, N F, O G, each respectively equal to a t^nf, off: 
also make N I, O K, P L, Q M, R N, each respec- 
tively to n t, A;, p 2, 9 m, rn ; draw T X parallel to 
H G, and draw the curves TFGHandAIKLM 
N E, which will complete the face mould for the twisted 
part of the scroll, which is to be glued to the other part 
formed in one level piece. 

The falling mould is constructed as follows : Fio. 2. 
Let F G H be the pitch board, as in Fig. 1. Divide F 
G into eight ^ual parts, and make F aequnl to three of 
the parts ; through a draw d q perpendicular to F G, 
cutting H G at p ; produce H G to c? ; draw any line q s 
parallel to F G, and make q s equal to the stretch-out of 
the first two quarters, a, 6, v, of the outward spiral, Fio. 
1. ; through s draw u d parallel to H F : in H d take 
any distance d b and draw b a parallel to F G, cutting 
u ddii a ; again, in H ci take b c equal to A a and join 
c a ; through p draw p t parallel to c a, cutting u 6 in /; 
draw t V parallel to F G, cutting H (2 at v; then will v t 
be equal iov p; divide v p and v t each into the same 
number of equal parts, and draw the intersectjng lines 
to the points of division, and the curves formed will be 
the upper edge of the falling Ihould ; the other edge will 
be formed by gauging oflf the thickness of the rail. 

APPLICATION OF THE FACE MOULD TO THE PLANK 

To form the Figure of the Face Mould upon 
each side of the Plank, so that when the su- 
perfluous Wood is cut away, the carved Sur- 
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faces formed thereby may stand perpendicular 
to the plan, supposing the Piece thus formed 
set in due Position. 

PLATE 90. 

Let abed efff be the Fio. 1, of the face mould, 
placed in due position to ihe pitch line g i, ob when 
traced from the plan ; and let Fig. 8 repre^nl a devel- 
opment of the plank where X represents the top, Y the 
edge, and Z ilie under side of the phuik. 

The face mould is first applied to the top X, so that 
the points g and the chord line g e of the mould may 
make the same angle at g with the arris line ^ e of the 
plank, that the figure of the mould at Fig. I makes with 
the piich line; draw g K, making the same angle with 
ig that the pitch line makes with any connecting line or 
perpendicular, and draw the figure of the mould on the 
plank ; apply the same mould to the other side Z of the 
plank to the point K, so that the chord may make the 
same angle with the other arris as on the first side, and 
draw the figure of the mould on this last side ; then the 
solid which is formed hy cutting away the superfluous 
wood is the piece required. 

Bui as it may be desirable to apply the tips of the 
mould g and e clothe to the edge of the plank; Fig. 3 
shows how the plunk is to be lined out according to this 
application. Here the pitch line g K iimke the same 
angle with the uppsr arris of the plank as before ; draw 
g L perpendictilar to either arri.^, cuttinir the lower arris 
at L ; make the an^le K L G equal to the angle e g i 
Fig. 1, make Lt ff oq»ial to L K, and draw the chord 
g e in I he plane Z, parallel to the arris line ; in the plane 
Z apply the tips^ and e of the face moidd totheline^ef 
as exhibited in the figme, then draw the form of the face 
moulcj as before. 

UEMONSTRATION. 

Fig. 2. Draw g L in the plane Y, cutting the lower 
arris of the plank at L; diaw the chord K e of the face 
mould in the plane Z, and draw L M in the same plane 
parallel to K e ; also draw L ^ perpendicular to K c, cut- 
ting K e at 5. Now imagine the figure M L K e to be 
moved so as to revolve on the point L, until L M come 
into the arris L m ; it is evident that the' point K will 
move in the eir lunference of the circle, K A:, and will 
come into the |M)sition k ; and that the angle K \uk will 
be equal to the angle m L M ; but the angle m L M is. 



equal to the angle ngi^ Fio. I. Again reverting to Figs. 
2 and 3, it is plain in Fig. 3, that if the angle K L g" in 
the plane Z be made equal to the angle e gi^ Fig. 1, 
and if L ^ be made equal to L K, and the mould applied 
to each side of the plank as in the figure, the solid, when 
cut out, by taking away the superfluous wood, will be 
equal and similar in all its corresponding parts to that 
cut out according to the oblique chords. Fig. 2. 

Fig. 4 shows another application where tiie chord of 
the face mould is neither applied to the angle e g t, nor 
parallel to the arris lines; but as this application is rather 
curious than useful, the bare inspection of the diagram 
will render it sufiiciently clear to those who will take the 
trouble to consider it. 



ON THE FORMATION OF THE STRING. 

PROBLEM. 

To forn> the Soffit of a Stair with Easings at 
the junctions of the FIjers and Winders. 

PLATE 91. 
ji 
Let Fig. 1, be tlfe plan of the stair, the breadth of the 

steps being divided equally along the middle line. Sup 

pose the winders to l)egin at riser C, and let the string 

from the riser of the curtail step to the point C be 

straight. 

The first thing to be done 's to stretch out the string ; 
but in this development it will not be necessary to ex- 
hibit it entirely, the circular part and a small portion of 
the straight part at each end will oe sufficient ; therefore, 
beginning at A, we shall take in the two flyers over A B 
and B C. 

In Fig. 2 draw p I parallel to the rail, and make p I 
equal to the length of the Ymei a b c d ef g h. Draw 
I K jperpendiculnr to p I, make I I ; 1,2; 2, 3 ; equal 
to the heights of the three risers over A B C, Fig 1 ; 
also in Fig. 2, make 3, 4 ; 4, 6 ; 5, 6 ; 6, 7 ; 7, 8 ; 
each equal to the height of the winders over D, E^ F, 
G, H. In the plan Fio. 1, suppose a line drawn through 
the centre x perpendicular to the rail, cutting the middle 
line at D, and let this line be produced to u. Fig. 2;. in 
Fig. 2 draw 3 c parallel to p I, cutting x u^iu ; join 
u p and u 7 ; draw p a in the same straight line with the 
riser A, 6 6 in the same straight line with the riser B, 
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and c c in the same straight line with the ricer C, to cut 
p uaib and q ; make u r equal iou q, then form the 
easing curve qr ; draw 3 c, 4 d, 6 c, 6/, 7 g^ parallel to 
p I, cutting the easing curve at d and e, aod ti 7 at / and 
g; draw d d, e c,//, g g, parallel to I K ; make c d 
equal to cd^de equal to d e, c/ equal ioefjfg equal 
to/g^, and g^ A equal iog h; then D H beiog divided 
into equal parts at the poinU E, F, G, join D d, E e, F 
/, G gy and produce them to the wall line ; in Fig. 2, 
draw the curve P d R parallel to p 9 r at a proper dis- 
tance, which completes one iialf of the string. The man- 
ner of completing the other half is evident. 



OBSERVATIONS. 

Having given the details of Finishing, I shall now pro- 
ceed to offer a few general remarks in relation this 
subject. 

The selecting of building materials has not, in general, 
received that care and attention which this important sub- 
ject demands. Many buildings have been ruined, the 
owners of others have been displeased, and not without 
just cause, and the workman has lost his reputation, and 
.forfeited his claim to public patronage, solely from neg- 
lect in this important particular. 

The first care of a Master-builder should be, to see 
that his lumber is properly seasoned. The best method 
of seasoning, is, after boards or plank have been sawed 
at the mills, they sliould be immersed in salt or fresh 
water for the space of one or two months ; larger lumber 
should remain in this situation till the sap is properly 
extracted from the wood ; this operation preserves the 
lumber in Some degree from the dry rot ; next take the 
boards or plank out of the water and stick them in a sit- 
uation where the air may have a free circulation through, 
and on all sides of the piles. They should remain in 
this situation for one year, then take them down and 
select such as are suitable for finishing ; these should 



again be stuck in a building, or covered in such a manner 
as to be secure from the weather ; they should lemain in 
this situation at least six mouths before they are used. 
While^preparing the stuff for finishing, it should be spread 
to the sun every fair day, and put undtr cover at night, 
for three or four weeks before it is put together. The 
mechanic will feel himself well paid for bis time and 
trouble, when he shall examine his work at any subse- 
quent p^iod. 

Framing timber should be squared up, soon after being 
taken out of the water, and stuck up under cover for the 
space of six months before it is worked into buildings; 
this will correct the erroneous idea, in many cases, where 
the settling of the floor has been attributed to bad work- 
manship, when in fact, it has been occasioned by the 
shrinking of the timber. 

The kind of lumber in general use for building in the 
New England States is White, Yellow, Pitch and Nor- 
way Pine; Spruce, Cedar, and sometimes Hemlock, 
White and Bass Wood. The hard woods are Oak, Ma- 
hogany, Maple, Cherry and Ash. In the Southern States 
there is found a superior species of Pine, which, for du- 
rability is preferable to northe n Pine, when used for , 
floor boards or joists. 

Pine Boards and Joists are sorted into different quali- 
ties, known as Nos. i, 2 and 3. No. 1 is square-edged, 
free from knots, shakes, and rot. No. 2, the second 
quality, is sound, not entirely free from knots, and is 
square-edged. No. 3 has knots, shakes, is wane-edged 
and has some rot. No. 1 is used for the best of finish- 
ing, Na 2 for rough boarding, such as roofs, side and 
end boarding, 6cc. where the edges are required to be 
tongued and grooved or rabbited. From this quality, by 
properly sorting them, good floor boards may be selected, 
which should be sawed from four to seven inches wide ; 
many of them will be clear, and after they are wrought 
to a thickness, the clearest may be used for the best 
rooms, and the others as they may be suitable for the 
different rooms. 
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provmce 
conrae, ia treated of in thia department] 

THE ORDER OP CARRYING ON A BUILDING ; THE DI- 
MENSIONS OP THE timbers; their distances 

AND PLACES OP INSERTION. 

The designs of buildings being of such a variety, 
they not only require various methods of construction, 
but some require appendages which are unnecessary in 
others, and thus the order of proceeding will be varied. 
The order, however, of proceeding with any description 
of edifice, will easily be understood, when that of the 
usual manner is given. 

Lintelings very soon occur; their thickness ought 
never to be less than as many inches as the aperture has 
feet in width. Some recommend that lintels should be 
laid on templets ; but when the mortar dries, this prac- 
tice, though it may seem to bind a new building together, 
is injurious to the strength of the walls. The old authors 
say that bond timbers should be dovetailed at the angles; 
but this method of joining timbers is not sufficient to pre- 
vent, in two return walk, the one from descending while 
the other keeps its place ; halving and bolting is much 
more secure. 

Where bond timbers are carried all round apartments 
or rooms, or entirely round a building, the thickness of 
these timbers will depend upon the mass of the work over 
them ; but where they are only partially inserted for fin- 
ishings, their thickness must be the thickness of a brick. 



Some old authors think it would not be amiss to place 
bond timbers at the distance of six feet through the 
whole height of the building ; but in our opinion they 
ought to be used with great caution ; for as the moisture 
dries out of the timber, these ligatures will shrink and 
cause the walls to bulge, which will not only produce a 
very unpleasant effect to the eye, but will endanger the 
building, by weakening the walls, and make them liable 
to foil* Therefore, in good work, bond timbers ought to 
be dispensed with ; and, if necessary, other means ought 
to be resorted to, which will be equally effective in point 
of strength; but as neither stone nor iron will answer 
the purpose of fixing, we will recommend plugging, 
built in with the brick work. 



FLOORS. 

We now come to the cQUsideration^ floors. Instead 
of mortising the ceiling joists, we would rather recom- 
mend to notch them upon, and fasten them to the binding 
joists by means of nails. In some single joisted floors, 
every tHird or fourth joist is made deeper than the inter- 
mediate Joists, and the ceiling joists are j^ed to the 
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deep joists. This coostructioQ is adapted to the pre- 
vention of sound, by reason of the space which destroys 
or cuts off the conducting power. 

As no timbers must enter a wall where there are fire 
places or flues, the ends of the joists, instead of being 
supponed by the wall, must be supported by trimmers 
and trimming joists. As the trimming joists have to 
support the trimmers, and these again the ends of the 
joists, the trimming joists should be increased in their 
thickness about one fifth part more than the breadth of 
a common joist 

In double floors the under sides of the binding joists 
are frequently framed flush with the under side of the 
girder, and about three or four inches below the top, in 
order to receive the bridging joists. Some old authors 
direct that the bridging joists should be pinned down to 
the binding joists : but this is unnecessary, and besides 
it weakens the binding joists ; this method is tlierefore 
inadmissible. It was formerly the practice to place the 
binding joists about three feet or three feet six inches 
distant from each other ; the mean distance of the pres- 
ent practice is about five feet Single floors, consist- 
ing of the same quantity of timber, are much stronger 
than framed floors ; but a preference is sometimes given 
to framed floors in superior buildings, on account that 
they are not so liable to fracture the ceilings, and because 
they conduct sound more imperfectly than a common 
joist floor : and hence it is that single floors can only be 
employed in inferior buildings. Framed floors differ 
from double floors only in the binding joists being framed 
to girders. ' 

In single floor?, where the joists exceed eight feet 
bearing, pieces of board oughts to be inserted in the 
spaces between the joists in a vertical position, and nearly 
the whole depth of the joists, and in one continued line 
at right angles to the joisting. The pieces of timber 
thus inserted are called struts, and the floor is said to 
be strutted ; the struts ought not to be driven in with 
great force, but their ends should be in close contact with 
the vertical sides of the joists, and should be fixed there- 
to with a nail at each end. 

The strutting of a floor is of great use, when the joists 
are thin and deep, in preventing their buckling by pres- 
sure ; but for this purpose there is another method called 
keying^ which consists of framing short pieces of timber 
between the joists ; but as the mortices which receive 
the tenons, weaken the joists, and as the keys cannot be 

in a straight line, and since this method adds considerably 

36 



to the expense, this practice is not so eligible as that of 
strutting. Single-joist flooring may be used to any extent 
not exceeding sixteen feet : but when it is desirable to 
preserve the ceiling free from cracks, and prevent the 
passage of sound, a framed door is necessary. 

The ceiling joists in double floors are generly put in 
after the building is up ; if, therefore, they are fixed by 
means of mortices in the sides of the binding joists, to 
receive the tenons on their ends, the space between 
every other two mortices must be grooved out alternately 
upon the opposite sides of the two adjacent binding 
joists; by this means the ceiling joists may easily be 
put in tlieir places, by inserting the tenons in each ceiling 
joist in the mortices at one end, and sliding the tenon 
on the other end along the groove in the arc of q circle, 
until the ceiling joist come at aright angle with the bind- 
ing joist The long mortices or grooves in the sides of 
the binding joists are called chace mortices, or pulley 
mortices. The ceiling joists may be thirteen or fourteen 
inches apart ; the thickness of the bridging joists and 
celling joists need not be greater than what is sufiicient 
to resist splitting by the driving in of the nails in order 
to fix them. It has been found, by experience, that two 
inches is a sufficient thickness for the purpose. 

In double-framed floors the distance of bridging joists 
in the clear, ought to be about twelve inches, and should 
never exceed thirteen. It is a good practice to plane the 
upper edges of the bridging joists straight, because when 
the boarding is laid, the faces for walking upon will be 
more regular, than if the boards had been laid down upon 
the edges of the bridging joists when rough from the saw. 
The straightening of ihe edges of the bridging joists will 
not only give greater facility to the making of a level 
floor, but will contribute greatly towards making sound 
work, and will prevent that disagreeable creaking noise 
which arises from the parts not being brought into con- 
tact ; for when the tops of the joists on which the floor- 
ing boards are laiH are uneven, it will be impossible to 
avoid furring up the joists, or what is still worse, inserting 
chips in the hollows, which will give way in the nailing 
of the boards to the joists. The general practice is to 
make binding joists half as thick again as common joists ; 
so that if a common joist be two inches thick the bind- 
ing joists may be three inches thick. 

Girders should always be placed upon walls which are 
solid underneath ; but when it becomes necessary to lay 
them over apertures, the lintels should be sufllciently 
strong to support them. We cannot recommend the 
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practice of laying girders obliquely across the room, since 
it divides the binding joists so very unequally. 

All joists should be laid with a camber upwards, so as 
to raise the middle of the floor about three quarters of 
an inch higher than the sides of the room, and a similar 
observation applies to ceiling joists, viz. that the under 
horizontal sides should rise with a concavity, so that the 
middle of the ceiling should be three quarters of an inch 
above the margins at the cornices or walls. The distance 
of girders from each, or the walls, should never exceed 

twelve feet. 

Girders should always be made of timber of the great- 
est dimensions that can be found, and particularly those 
which have long bearings. When the bearing exceeds 
iwenly feet, it is difiicult to procure timber of sufficient 
dimeiHions ; the only method is to allow a sufficient 
thickness between the surface of the boarding and the 
ceiling, since it is found by experiments that have been 
made, that a truss girder is not even so strong as ^ solid 
beam of the same depth ; the reason is obvious, for braces 
which have only a small inclination to the horizon, throw 
the most enormous compression on their abutments, 
which consequently must give way, and the effect of 
trussing will be rendered useless : but if a sufficient 
height were allowed for trussing, girders might be made 
capable of supporting any weight whatever. Two feet, 
or even three feet in the height of a building, would be 
an ample allowance for framing girders of sufficient 
strength, and would not occasion any considerable ex- 
pense to the structure, but would give solidity to tt»e walls, 
by having a greater distance between the apertures, and 
would therefore allow more room for the display of orna- 
ments. But where the depth is limited, and the bearing 
considerable, girders ought to be made solid of cast iron. 
In order to equalize the strength of solid girders, builders 
frequetiUy cut them longitudinally along the middle, 
and turn the ends of the flitches contrary to what they 
were at first in the solid, and apply the sawn sides so as 
to face each other, and then bolt the two pieces together 
in a sufficient number of intervals ; but it is evident 
that since the holes made for the passing of the bolts 
will weaken the timber, very little strength wll be 
gained. This process^ however, affords the opportunity 
of examining the timbe?, as in large tires the heart is 
frequently found in a state of decay. When this pro- 
cess of reversing and bolting is used, the iwo sawn sides 
of the timber should not be brought in contact, but 
should be separated by parallel pieces of wood, so as to 



allow a sufficient circulation of air to pass between the 
two sides of the flitches of the beams thus bolted. 

To prevent the sagging of short girders, it is usual to 
cut them camber ; that is to cut them with an angle in 
the midst of their lengths, so that their middles shall rise 
above the level of their ends, as many half inches as the 
girder contains ten feet lengths. And, indeed, girders 
of the greatest length, although trussed, should be cut 
camber in the same manner. 

It may be proper here to notice, that the cambering of 
girders does not prevent them from sagging, though per- 
haps it may obviate their becoming concave on the upper 
side. With regard to trussing girders, the flitches 
should not be cut to a camber, but brought into this state 
in the act of trussing. 



PARTITIONS. 

Partitions are usually lathed and plastered, and some- 
times the spaces between the timbers are filled with brick 
work. A partition ought to be so constructed, as to be 
capable of supporting its own weight in whatever situa- 
tion the door u placed, or whether there is a door in the 
middle or two doors near the ends. Partitions that rest 
upon a solid wall do not require trussing; but when there 
is no support, except at the ends or at two given fixed 
points, the braces ought to be so disposed as to discharge 
(he weight of the whole mass upon these points; andjt 
is better to support a partition by the extreme walls it is 
connected with, than |.ipon any solid from the bottom ; 
for in the seiilement of the walls, the partitions will be 
carried along with them; but if supported from the 
ground by light materials, the walls and partitions will 
descend unequally, and cause large fissures and cracks in 
the ceilings, and in the plaster upon the walls and par- 
titions. 

When a partition is supported at' each end by walls 
of unequal heights, the wall which is the most ponderous 
will sink in a much greater degree than that which is the 
lighter; therefore, in this case, whatever care may be 
taken with the framing of the partitions, it will not 
be possible to avoid the cracking and splitting of the 
plaster upon the walls and ceiling. Such consequences 
should be gufiCtded against in the design of the archi* 
tect. 
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FRAMING. 

This mechanical science is divided into two principles, 
the Scribe and the Square Rule. 

The Scribe Ride. 

1. First, the mortices should be made and the faces 
got out of wind. Second, afler finding the length of 
the timber, in which the tenons are to be made, for con- 
venience apply the two foot square. Third, take out the 
size of the morticed timber on the end of the square ; 
suppose ten inches to be the one morticed, then fourteen 
inches remain on the square ; make a distinct mark at the 
end of the square, which is called the two feet mark. 
Fourth, measure from this mark for the shoulder, fifteen 
inches, which leaves one inch to be scribed ; after the 
tenon is made and entered, the mortice and the shoulders 
are brought together or to a bearing, then cut the shoul- 
ders to the scribe, and when put together they will remain 
out of wind, as when scribed. The process is generally 
applied to sills, posts, and principal rafters. 

2. A process called tumbling^ and is applied to tim- 
bers, both ends of which are to be tenoned, as girders, 
&c., also to sides and ends in section framing. 

The girder should be placed so that both ends shall 
come directly over the lower end of the mortices. For 
the tenons you are about to strike, place the lower edges 
of the girder to the line of the lower end of the mortices ; 
make a scratch on the girder at both ends, exactly to the 
face of the mortice. Cant the girder so as to leave those 
marks up ; fetch the girder again over the mortice, and 
apply the edge of the square to the face of the mortice, 
the square extending above the girder. Move the girder 
by a hammer for that purpose until the scratch on the 
corner of the girder is brought to the outer edge of the 
square. Then with your compasses draw a line across 
the girder by the edge of the square ; then move the 
square on the opposite side of the girder, and draw 
another line ; in the same manner draw lines at the other 
end of the girder. Strike a line across the top and bot- 
tom of the girder, meeting the end of those which give 
the exact length of the shoulders : then strike the tenons. 

3. Cant or plumb marks, are those which are applied 
to all principal timbers that are to be employed in section 
framing, afler having been put together in the sides. At 
some part of the post try on the square and fit that part 
(which may be up, in the laying out of the section) to a 



right angle with the level plane of the side framing, pro- 
vided the section should be at right angles with the sides. 
But if the section should be required at any other angle 
with the side, the plumb shoulH be made according to 
that angle. The angle should be taken with a bevel set 
for that purpose ; and on these fittings of the posts, a 
right angle should be struck, to guide the direction of the 
square across the section framing. The posts should be 
brought by means of wedges in a horizontal plane across 
the section. 

The Square Rule. 

This principle is considered more simple than the 
Scribe Rule, as it can be applied in many cases with less 
help and more convenience. 

In order to make a good frame of any considerable 
magnitude, it should be the first care of the master-work- 
man (after examining the plan of the frame with care,) 
to make out a proper schedule of the various sizes of 
the timber. Set down their appropriate marks on the 
schedule, and when you have finished Nos. 1, 2, &c., 
check them on the schedule. It is of importance that 
all mortices, tenons, pin-holes, &c. should be struck with 
a patron. All the timber should be lined to its proper 
size, and the mortices faced to the same. Care should 
be taken in applying the patron ; for striking, it should 
be governed by the appropriate lines. This method has 
the preference in detached framing : the timber admit- 
ting of being framed in different places, and not tried 
together until its raising. 

PLATE 92. 

OP THE POSITION OF MORTICES AND TENONS. 

If a piece of framing stand perpendicular to the hori- 
zon, such as a partition, and if there be no pressure on 
either side, the mortice and tenon ought to be in the 
middle. Where the pressure is entirely on one side, as 
in floors, the mortices and tenons ought to be nearest that 
side which receivea the pressure : for this reason, if a 
piece of timber be cut at right angles to its edges, to a 
certain depth from one of its faces, and a piece of hard 
wood be driven into the cut, the piece of timber will not 
be weaker to sustain a weight applied upon the side thus 
cut, than before the incision was made ; so that in floor- 
ing the pressure of the tenons, by the weight of the tun- 
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bere, wiO tend to split off the part under the mortices ; 
the consideration is therefore to proportion the thickness 
of the tenon, and thickness of part of the beam under 
the '.mortice, so that when the tenon breaks, the part 
under the mortice may split off; therefore the mortice 
and tenon ought to be as shown at A, a, and B, 6 ; that 
at A and a is the most simple method. B, 6, is another 
method, by which we obtain more strength in the tenon 
by an additional bearing below, which is further assisted 
by the inclined shoulder above. This form of the tenon 
is what is called a tusked tenon. 

D, shows the manner of framing two wall plates at 
the corner of a building, with the dragon beam and an- 
gle tie to support the rafter. 

E, is part of the hip rafters framed into the dragon 
beam. 

F, is part of the wall plate at the angle, notched to 
receive the other wall plate and the angle tie. 

6 and^, the manner of adapting the principal rafters 
to the tie beam. 

A, exhibits another method much in use for cutting the 
heel of the principal raflers, and forming the sockets to 
receive them ; but as the beam in this case is necessarily 
cut across the fibres in order to receive the rafter, that 
part of the tie beam which is left standing to receive the 
heel of the rafter is easily split away ; a more effectual 
method, therefore, of obtaining a double resistance is 
exhibited at I, where the socket is cut parallel to the 
grain of the wood. 

H, exhibits a section of the tie beam across the socket, 
showing the mortice to receive the heel of the rafter ex- 
hibited at I. 

K, exhibits the manner of strapping the king post and 
tie beam together ; the best manner of forming the abut- 
ments to receive the brace. 

m, exhibits a section of the king post, showing the 
manner of wedging, and lightening the strap of a 
single wedge, in order to draw the beam up to the king 
post. 

L, a method of strapping a pair of struts to a king 
post, and suspending the tie beam. That part of the 
king posts on which the struts rest being Iiri)Ie to shrink, 
the struts of consequence must follow, by which the prin- 
cipal rafters, losing their support, will bend ; now if a 
strap is fixed, as shown by this figure, the struts will be 
kept secure in their position, and the rafters of conse- 
quence will not bend. 

M, the method of strapping a strut to ihe principal 



rafter, wheh the strap which unites the king post to the 
rafters goes over the upper edges of the rafters. 

G and c, are double mortices and tenons, applied only 
in deep timbers, the depth being three times the thkk- 
ness, and are adapted to floors. 

J, a method of strapping the principal rafters to a king 
post. When the ends of the rafters meet, as in the con- 
struction shown by this figure, the roof will be but little 
liable to swag in the middle : as there is no substance 
between the icAen^ there-can- befio shrinking. 



TRUSSES. 

PLATE 93. 

Fio. 1, represents a truss partition, a, the truss plate. 
A, the* sill, c c, the posts; (f, the truss beam, e e, the 
trusses. //, the studding, g g^ the stays. AAA, the 
door frames. 

Fig. 2. Design for a truss gallery or floor. 

Fig. 3. Method of scarfing and splicing timber. 

Figs. 6 and 6, show the best method of trussing 
girders^ 

Fig. 4. The horizontal* section of Fig. 5. 

The king bolts through Figs. 5 and 6, show the two 
sides which incline to each other so as to form a 
wedge, and thereby force the trusses upon their abut- 
ments. 

TO LIGHTEN THE GIRDERS. 

Having grooved the sides of the flitches for the trus- 
sing pieces, so as only to be close at the ends, about an 
\nc\ and a half deep on each side, and having greased 
the head of the king bolt, and put the whole slackly 
together sideways by the screws ; proceed then to turn 
the nut of the king bolt, and let another person strike the 
head with a mallet ; the stroke will make the king bolt 
start every time it is hit, and give fresh ease for the turn- 
ing of the nut ; by this means the grinder may be cam- 
bered at pleasure ; the deflection from the straight line is 
generally one inch in twenty feet 

Fig. 7, shows the manner of joining the beam to the 
wall plate. 
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Fio. 8. The manner of keying the tenon through the 
girder. 
Fig. 9. Profile of the tusk tenon. 



PLANS OF FLOORS. 
PLATE 94. 

Fig. 1. Plan of the floor suitable for buildings of any 
magnitude. 

a a a a a, girders resting upon the walls, b b b b, 
binding joists, o c c, trimmers, d d d dd, bridging 
joists. 

Fig. 2. Section of the floor. 

Fig. 3, shows the method of framing floors with plank 
or deep joists. 

a a aj the girders resting upon the walls, and should 
be 10 by 12 inches, b b b b b^ trimmer joist, 4 by 12 
inches, e e Cj deep joist, d d d dj wall girders, 6 by 12 
inches, c c c, deep joist stays, 2 by 12 inches. 

This floor is adapted to rooms 16 or 18 feet square, 
and the size of the joist should be 12 inches by 2 1-2 or 
3 inches. 



DESIGNS FOR ROOFS. 

A roof in Architecture, is a cover of a building for 
prelecting its inhabitants from disagreeable changes of 
weather, and from the depredations of evil-dispoeed per- 
sons ; but a roof in Carpentry, is the timber framing 
made to support the actual covering of boards, shingles, 
slate, lead, &c. As the roof may be made one of the 
principal ties of a buildin|^, it should not be made too 
heavy to burden the walls, nor too light to be incapable 
of keeping them together. 

The principal timbers of a roof are the wall plates, 

tie beams, principal rafters, common rafters, pole plates,* 

purlines, king posts, queen posts, struts, straining beams, 

strong sills, &c. Hence, since the pressure of the roof 

is wholly discharged upon the wall plates, these should 

be made of suflicient thickness and breadth to distribute 

Che weight of the roof to the best advantage. 

37 



PLATE 95. 

Fig. a. The manner of joggling a pair of struts into 
the bottom of a king post, when its thickness will not ad- 
mit of square joggles. This figure also shows the method 
of uniting or suspending the ie beam to the king post by 
an iron bolt and nuts. 

Fig. 1, is a roof for the purlines to be framed in, 
and the common ra^rs to come fair with the principals. 
B, a section of the purline, and principal and common 
rafters. 

Fig. 2, is a roof designed for a span of fifty or sixty 
feet, supported by two queens instead of a king, to give 
room for a passage, oc any other conveniency in the 
roof. 

Fig. 3, represents a roof of seventy feet span, de- 
signed for an arched ceiling. The perpendicular height, 
from the base li6e to the ridge, is equal to one third of 
the*base line. D, is a perpendicular section of the tie 
beam and king post. The tie beams are so locked into 
each other that the outsides are in the same plane. The 
king post is made in two parts, with a space cut away in 
each, to admit Ae tie beams, as shown in E. The tie 
beams should be made six by four inches, ami the king 
post, when bolted together, must be twelve inches wid4» 
and fourteen thick. C shows the method of connecting 
the tie beam with the principal rafters. F the wall plate. 
G the tie beam. H the common rafter. I the principal 
rafter. L iron strap. 

Note. It will be seen that an alteration has been made in 
this roof, since the publication of the first ^ition of this 
work. It has been thought that a collar beam, crossing 
the tie beams and passing under the king post, to which it 
is fastened, would thrqijv a much greater proportion of the 
strain more directly on the footing of the principal rafters 
and wall plates, and at the same time more eflc^ctually 
relieve the lateral strain upon the walls. This opinion 
is sanctioned by experiment, and by the corroborating 
opinions of many of the most experienced architects 
among us. 

The horizontal beam above the collar beam, and the 
two braces, formed on the principles of an arch, prevent 
the sagging of the roof, and of course take off much of 
the lateral pressure. The design is drawn to a scale of 
10 feet to 1 inch, 

PLATE 96. 

Fio. A, shows how to glue up the bead of a niche 
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in five or more blocks, or rings, according as the work- 
men shall see necessary. 

Fig. B, is the plan of a circular dome, C the section, 
which shows at d ond d how to square the purlines, so as 
to make them tend to the centre, or to stand square to 
the surface of the dome ; but there is not the least occa- 
sion for the squaring of any purlines, which is attended 
with a deal of trouble and waste of stuif ; you need only 
to get them out of the same curve as that of a great cir- 
cle of a sphere, of which the dome is a segment, and 
quite square at the same time, which purlines being fixed 
between the ribs, the middle of them will be above the 
level at the joints ; but will be in the true surface of the 
dome, and stand in a plane surface to the centre. 

To find the form of a board to bend upright to 

the crown. 

Divide E into eight parts, that is, one quarter or any 
oth' r number, the more the truer ; set one on the out- 
side of 1 I 1, &c. ; draw 7 e and 1 e, to e in the cen- 
tre; tuke (be dixisions 1 2 3 4, &c. round E, and lay 
thf m fr m 8 in F along the line 1 l1 1, &c. i then 
circle them round 6, and take 1 1, I 2, 1 3, &c. in E, 
and set them off on each skle to 1 1, I 1, 1 2, 1 2, 
1 3, 1 3, Slc. ; those when traced will give the form of 
the board F. 

To find the centres for bending the boards 

horizontal in D. 

It is evident the more parts nny thing of this nature is 
divided into, the truer it will be ; but I shall only divide 
into four, for the sake of convet)iency ; draw 4 3, to 
meet the perpendicular at d ; and 3 2, to meet at c, 
&c. ; then d c b a will be the centres for the boards 6, 
H, I. K.. 

Fio. C, is n method of finding the length and bevel 
of hip and jack rafters. 

T//^ kip rafter, — a b is the base line ; c the perpen- 
('iciilar height ; dtaw a line a c, then c is the bevel at 
the highest point of tlie king post, a the bevel at the 
be im, and a c the length of the hip rafter. 

To find the bevel and length of the jack rafters. 

d (* is the base line, e/ the height equal >to e g^ then 



ct « S' is the right angle ; describe an are £" A, of which 
d g\^ the radii, cutting a i at A ; then draw the line h d; 
g is the down bevel, and A the top bevel, and A d is the 
length of the jack rafter. 

For this method of finding the length and bevel of 
jack rafters^ I am indebted lo the politeness of Mr. Sal- 
mon Washburn, whose skill and ingenuity first discovered 
thia mode, which has met with the decided approbation 
of the few to whom it has been communicated, and it is 
now published for the first time. 

PLATE 97. 

Fig. 1. aaaa^ wall plate, b &, jick beams, cccc^ 
tie beams, d d, ridge tine and jack beam, e e e e^ 
dragon piece, fffft angle tie. g g g^ hip rafters. 
A A, jack rafters, i t, principal rafters, jy king post. 
k A, strut braces. 

To find the length and backing of Hip Rafters. 

Draw 7, 4, 8, the base lines; then draw 4, 6, at right 
angles with 8, 4, which will give the perpendicular height 
of the backing of (he hip rafter. From 9, extend one 
foot of the dividers to 10, describe the arc cutting the 
base line at 2 ; then the lines from 2 to I and from 2 to 
3 give the angle required for the backing. 2, a aeotion 
of the hip rafter. 

« 

To find the angle and intermediate ribs of Oc- 
tagon Roofs. 

Fig. 2, is the plan of an octagon dome, a b hexng the 
base line of the given rib. No. 2 shows the curve of 
the dome, in this case half of a circle drawn from the 
centre a. Draw a 1, cutting the circle at 1 and at right 
angles with d &, and produce it to a ; divide b 1 into 
^ven or more equal parts. Make a b No. 3 parallel and 
equal to a 6 No. 2, 6 c eqnai to & c No. 1, and draw c 
a. Then draw ordinales from a b No. 2 to a c No. 3, 
parallel to a 1, cutting the circle in No. 2 at 2, 3, 4, 5, 
6, 7, and a c No. 3 at 2, 3, 4, 5, 6, 7. Draw a 1 at 
"right angles with a c, also 2 2, 3 3, 4 4, 6 5, 6 6, and 
7 7, parallel to a 1, and equal to 7 7, 6 6. 5 5, 4 4, 3 
3, 2 2, and a I, in No. 2, and then trace the curve c 7 
6 5 4 3 2 and 1, which will, when placed in its right 
position, correspond wi^h the given circle. 
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To find the form of a board to bend upright to 

the crown. 

Fig. 2. Produce the line af to b No. 1. Take the 
divisions 2 3 4 6 6 7 on the curve line h 1 No. 2, and 
lay them from / in F along the line 1111, d6c. to c, 
then the line/ e No. 1 will be equal to the curve line h 
1 No. 2. Transfer the ordinates 2 3 4 6 6 7 in the an- 



gle a 6 c No. 3, and lay them from/ in F No. 1 along 
the line 1111, (az, at right angles with the line/ e, and 
set them off on each side to 1 7, 1 7, 1 6, 1 6, 1 6, 1 S, 
1 4, 1 4, 1 3, 1 3, and 1 2, 1 2. 

Those when traced, will give the form of the board F. 

Fig. 3. An octagon roof of a different curvature from 
that represented in Fio. 2, but is formed on the same 
principles. 
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[Aldrieh telli va tlmt in choosing a situation for bnllding, its vicinity to public edifices should be principally attended to : that is, we afaoaU 
build as near as convenient to the place where the bnsinesp of the owner chiefly calls him. * Every one would wish to be near a church,' (or 
perhaps, should wish to be so), * but especially a priest : the lawyer near the hall of justice ; the merchant near the exchange ; the trader in the 
principal street ; and every other citizen in the same manner would choosy his dwelling according to his occupation — not far from the river, if 
any flow near the city ; at a distance from a tallow-chandler, a brewer, a sttap-boiler, or any othoi' business attended with an unsavory smell ; far 
from the noise of the anvil, the hammer, and the saw ; and, above all, (as Cato says), at a distance from bad neighbors. In short, that spot is 
most eligible, in which you can construct a regular house ; that is, one with right angles ; where room, leisure and cleanliness may be obtained, 
and you may procure to your house the advantages of a rural situation. If all the above conveniences cannot be met with, (and it is very seldom* 
if desired, that they can be), it is prudent to aim at such as may be desirable, and are attainable.] 



Under this general term, which imphes the construc- 
tion of an edifice, according to the rules laid down by 
the different artificers employed, we purpose to treat of 
the respective business of the Mason, Bricklayer, Plas- 
terer, Slater, Plumber, Painter, and Glazier ; previous 
to which it will be necessary to consider the sinking of 
the foundation, the due mixture of the ingredients which 
compose the mortar, and the art of making bricks ; upon 
the whole of which materially depends the stability of an 
edifice. 

As firmness of foundation is indispensable, wherever 
it is intended to erect a building, the earth must be 
pierced by an iron bar^ or stuck with a rammer, and if 
found to t;hake, must be bored with a well-sinker's imple- 
ment, in order to ascertain whether the shake be local or 
general. If the soil is in general good, the loose and 
soft parts, if not very deep, must be excavated until the 
laborers arrive at a solid bed capable of sustaining the 
pier or piers to be built. If not very loose, it may be 
made good by ramming into it very large stones, packed 
close together, and of a breadth proportionate to the in- 
tended weight of the building ; but. where very bad, it 
must be pliexl and planked. 

In places where the soil is loose to any great depth. 



and over which it is intended to place apertures, such as 
doors, windows, ficc. while the parts on which the piers 
are to stand are firm, the best plan is to turn an inverted 
arch under each intended aperture, as then the piers in 
sinking will carry with them the inverted arch, and by 
compressing the ground, compel it to act against the 
under sides of the arch, which, if closely jointed, so far 
from yielding, will, with the abutting piers, operate as 
one solid body ; but, on the contrary, if this expedient 
of the inverted arch is not adopted, the part of the wall 
under the aperture, being of less height, and consequently 
of less weighl than the piers, will give way to the re- 
sistance of the soil acting on its base, altd not only injure 
the brick-work between the apertures, but fracture the 
window-heads and sills. 

In constructing so essential a part as the arch, great 
attention must be paid to its curvature, and we strongly 
recommend the parabolic curve to be adopted, as the 
most effectual for the purpose ; but if, in consequence 
of its depth, this cannot conveniently be introduced, 
the arch, should never be made less than a semi-circle, 
n^he bed of the piers should be as uniform as possible; 
for though the bottom of the trench be very firm, it will 
in some degree yield to the great weight that is upon it. 
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and if the soil be softer in one part than in another, that 
part which is the softest will of course yield more to the 
pressure, and cause a fracture. 

If the solid parts of the trench happen to be under the 
intended apertures, and the softer parts where piers are 
wanted, the reverse of the above practice must be resort- 
ed to ; that is, the piers must be built on the firm parts, 
and have an arch that is not inverted between them. In 
performing this, attention must be paid to* ascertain 
whether the pier will cover the arch ; for if the middle of 
the pier rest over the middle of the summit of the arch, 
the narrower the pier is, the greater should be the curva- 
ture of the arch at its apex^ When suspended arches are 
used, the intrados ought to be kept clear of the ground, 
that the arch may have its due effect. 

When the ground is in such a state as to require the 
foundation merely to be rammed, the stones are hammer 
dressed, so as to be as little taper as possible, then laid of 
a breadth proportioned to the weight that is to be rested 
upon them, and afterwards well rammed together. lu 
general, the lower bed of stones may be allowed to pro- 
ject about a foot from the face of the wall on each side, 
and on this bed another course may be laid to bring the 
bed of stones on a level with the top of the trench. The 
breadth of this upper bed of stones should be four inches 
less than the lower one *, that is, projecting about eight 
inches on either side of the wall. In all kinds of walling, 
each joint of every course must fall as nearly as possible 
in the centre, between two joints of the course immedi- 
ately below it ; for in all the various methods of laying 
stones or bricks, the principal aim is to procure the greatest 
lap on each other. 



MORTAR. 

In making mortar, particular attention must be paid to 
the quality of the sand, and if it contain any proportion 
of clay or mud, or is brought from the sea-shore and con- 
tains saline particles, it must be washed in a stream of 
clear water till it be divested of its impurities. The ne- 
cessity of the first has been clearly proved by Mr. Smea- 
ton, who, in the course of a long and meritorious attention 
to bis profession of an engineer, has found, that when 
mortar, though olberwise of the best quality, is mixed 
with a small proportion of unburnt clay, it never acquires 

38 



that hardness which, without it, it would have attained ; 
and, with respect to the second, it is evident, that so long 
as the sand contains saline particles it cannot become 
hard and dry. The sharper and coarser the sand is, the 
better for the mortar, and the less the quantity of lime to 
be used ; and sand being the cheapest of the ingredients 
which compose the mortar, it is more profitable to the 
maker. The exact proportions of lime and sand are still 
undetermined ; but in general no more lime is required 
than is just sufficient to surround the particles of the sand, 
or sufficient to preserve the necessary degree of plasticity. 

Mortar, in which sand forms the greater portion, re- 
quires less water in its preparation, and consequently is 
sooner set. It is also harder and less liable to shrink in 
drying, because the lime, while drying, has a greater ten- 
dency to shrink than sand, which retains its original mag- 
nitude. The general proportions given by the London 
builders is 1 j- cwt. or 37 bushels of lime, to 2j loads of 
sand ; but if proper measures be taken to procure the best 
burnt lime and the best sand, and in tempering the ma- 
terials, a greater portion of sand may be used. There is 
scarcely any mortar that has the lime well calcined, and 
the composition well beaten, but that will be found to re- 
quire two parts of sand to one part of unslacked lime; and 
it is worthy of observation, that the more the mortar is 
beaten, the less proportion of lime suffices. 

Many experiments have been made with a view to ob- 
tain the most useful proportion of the ingredients, and 
among the rest Dr. Higgins has given the following : — 

Lime newly slacked, one part, 
Fine sand, three parta; and 
Coarae sand, four parts. 

He also found that one fourth of the lime of bone-ashes 
greatly improved the mortar, by giving it tenacity, and 
rendering it less liable to crack in the drying. 

It is best to slack the lime in small quantities as requir*- 
ed for use, about a bushel at a time, in order to secure to 
the mortar such of its qualities as would evaporate were 
it allowed to remain slacked fqr a length of time. But if 
the mortar be slacked for any considerable time previous 
to being used, it should be kept covered up, and when 
wanted should be re-beaten. If care be taken to secure 
it from the action of the atmosphere, it may thus remain 
covered up for a considerable period wnthout its strength 
being in the least affected ; and, indeed, some advantages 
are gained, for it sets sooner, is less liable to crack in the 
drying, and is harder when dry. 

Grout, which is a cement containing a larger proper- 
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tioQ of water than the common mortar, is used to rua into 
the narrow interstices and irregular courses of rubble-stone 
walls ; and as it is required to concrete in the course of a 
day, it is composed of mortar that has been a long time 
made and thoroughly beaten. 

Mortar, composed of pure lime, sand and water, may 
be employed in the linings of reservoirs and aqueducts, 
provided a sufficient time is allowed for it to dry before 
the water is let in ; but if a sufficient time is not allowed, 
and the water is admitted while the mortar is wet, it will 
soon fall to pieces. There are, however, certain ingre- 
dients which may be put into the common mortar to make 
it set immediately under the water ; or, if the quick-lime 
composing the mortar contains in itself a certain portion of 
burnt clay, it w^ill possess this property. For further in- 
form^ition on this head, the reader is referred to the sub- 
head — Plastering. 



MASONRY. 

Masonry is the art of cutting stones, and building them 
into a mass, so as to form the regular surfaces which are 
required in the construction of an edifice. 

The chief business of the mason is to prepare the 
stones, make the mortar, raise the wall with necessary 
breaks, projections, arches, apertures, &c. as indicated by 
the design. 

A wall built of unhewn stone, whether it be built with 
mortar or otherwise, is called a rubble wall. Rubble 
work is of two kinds, coursed and uncoursed. In coursed 
rubble the stones are gauged and dressed by the ham- 
mer, and thrown into diflerent heaps, each heap contain- 
ing stones of equal thickness ; and the masonry, which 
may beof different thicknesses, is laid in horizontal courses. 
In uncoursed rubble the stones are placed promiscu- 
ously in the wall, without any attention being paid to the 
placing them in courses ; and the only preparation the 
stones undergo, is that of knocking off the sharp angles 
with the thick end of a toot called a scabling hammer. 
Walls are generally built with an ashlar facing of fine 
stone, averaging about four or five inches in thickness, 
and backed with rubble work or brick. 

Walls backed with brick or uncoursed rubble, are lia- 
ble to become convex on the outside, from the great num- 
ber of joints, and the difficulty of placing the mortar, 
which shrinks in proportion to the quantity, in equal por- 
tions, in each joint ; consequently, walls of this descrip- 



tion are much inferior to those where the facing and back- 
ing are built of the same material, and with equal care, 
even though both of the sides be uncoursed. When the 
outside of a wall is faced with ashlar, and the inside is 
coursed rubble, the courses of the backing should be as 
high as possible, and set within beds of mortar. Coursed 
rubble and brick backings are favorable for the insertion 
of bond timber: but in good masonry, wooden bonds 
should never be in continued lengths, as in case of either 
fire or rot the wood will perish, and the masonry will, by 
being reduced, be hable to bend at the place where the 
bond was inserted. 

When timber is to be inserted into walls for the pur- 
poses of fastening buttons for plastering, or skirting, d&a 
the pieces of timber ought to be so disposed that the ends 
of the pieces be in a line with the wall. 

In a wall faced with ashlar, the stones are generally 
about 2 feet or 2^ feet in length, 12 inches in height, and 
8 inches in thickness. It is a very good plan to incline 
the back of each stone, to make all the backs thus inclined 
run in the same direction, which gives a small degree 
of lap in the setting of the next course \ whereas, if the 
backs are parallel to the front, there can be no lap where 
the stones run of an equal depth in the thickness of the 
wall. It is also advantageous to the stability of the wall 
to select the stones, so that a thickerand a thinner one may 
succeed each other alternately. In each course of ashlar 
facing, either with rubble masonry or brick backing, 
thorough-stones should occasionally be introduced, and 
their number be in proportion to the length of the course. 
In every succeeding course, the thorough-stones should 
be placed in the middle of every two thorough -stones in 
the course below ; and this disposition of bonds should 
be punctually attended to in all cases where the courses 
are of any great length. Some masons, in order to prove 
that they have introduced sufficient bonils into their work, 
choose thorough-stones of a greater length than the thick- 
ness of the wall, and afterwards cut off the ends; but 
this is far from an eligible plan, as the wall is not only 
subject to be shaken, but the stone is itself apt to 
split. In every pier, between windows and other aper- 
tures, every alternate jamb-stone ought to go through the 
wall with its bed perfectly level. When the jamb-stone« 
are of one entire height, as is frequently the case when 
architraves are wrought upon them, upon the lintel 
crowning them, and upon the stones at the ends of the 
courses of the pier which are adjacent to the architrave- 
jamb, every alternate stone ought to be a thourough-stone : 



i 



BUILDING. 



151 



and if the f>ier9 between the apertures be very narrow, no 
other bond-stone is required ; but where the piers are 
wide, the number of bond-stones are proportioned to the 
space. Bond-stones must be particularly attended to in 
all long courses below and above windows. 

Iron clamps are now used in all cases where it is prac- 
ticable, instead of thorough-stones. The shrinking of 
the mortar in the backing is very apt to start the thorough- 
stone from its true position, which either fractures it, or 
causes the wall to bulge, and open the seams on the outside. 
This inconvenience is obviated by the use of clamps. 

All vertical joints, after receding about an inch with 
a close joint, should widen gradually to the back, there 
by forming hollow spaces of a wedge-like figure for the 
reception of mortar, rubble, &c. The adjoining stones 
should have their beds and vertical joints filled, from 
the face about three quarters of an inch inwards, with 
oil putty, and the rest of the beds must be filled with well- 
tempered mortar. Putty cement will stand longer than 
most stones, and will even remain permanent when the 

stone itself is mutilated. All walls cemented with oil- 
putty, at first look unsightly; but this disagreeable effect 
ceases in a year or less, when, if care has been taken to 
make the color of the putty suitable to that of the stone, 
the joints will hardly be perceptible. 

In selecting ashlar, the mason should take care that 
each stone invariably lays on its natural bed ; as from 
carelessness in this particular, the stones frequently flush 
at the joint?, and sooner admit the corrosive power of the 
atmosphere to take effect. 

It ought also to be observed, that in building walls or 
insulated pillars of small horizontal dimensions, every 
stotie should have its bed perfectly level, and be without 
any concavity in the middle; because, if the beds are 
concave, the joints will most probably flush when the 
pillars begin to sustain the weight of the building. Care 
should also be taken, that every course of masonry in such 
piers be of one stone. • 

Having thus given to the practical mason an outline of 
ehe subject of walling, we will proceed to the considera- 
tion of the more difficult branches of the art, that of con- 
structing arches and vaults. 

DEFINITIONS. 

An arch in masonry, is that part of a building which is 
suspended over a given plane, supported only at its ex- 
tremities, and concave towards the plane. 



The upper surface of an arch is called the extrctdos; 
and the under surface, or that which is opposite the plane, 
the intrados. 

The supports of an arch are called the spring walls. 

The springing lines are those common to the supports 
and the intrados ; or the line which forms the intersec- 
tion of the arch with the surface of the wall which sup- 
ports it. 

The chords or span^ is a line extending from one spring- 
ing line to the opposite one. 

Section of the hollow of the arch is a vertical plane, 
suppo&ed to be contained by the span and the intrados. 

The height or rise of the arch, is a line drawn at right 
angles from the middle of the chord, or. spanning line to 
the intrados. 

The crown of the arch is that part which the extremity 
of the perpendicular touches. 

The haunches ov flanks of the arch, are those parts of 
the curve between the crown and the springing line. 

When the base of the section, or spanning line, is par- 
allel to the horizon, the section will consist of two equal 
and similar parts, so that when one is applied to the other, 
they will be foimd to coincide. 

Arches are variously named, according to the figure of 
the section of a solid that would fill the void, as circular^ 
elliptical^ cyclodal^ catenarian^ parabolicol^ ^c. There 
are also pointed, composite, and lancet, or Gothic arches. 

A rampant arch is when the springing lines are of two 
unequal heiglits. 

When the intrados and extrados of an arch are parallel, 
it is said to be extradossed. 

There are, however, other terms much used by ma- 
sons : for example, the semicircular are called perfect 
arches ; and those less than a semi-circle, imperfect, sur- 
bused, or diminished arches. 

Arches are called surmounted, when they are higher 
than a semi-circle. 

A vault is an arch used in the interior of a building, 
overtopping an area of a given boundary, as a passage, 
or an aparimcnt, and supported by one or moie walls, or 
pillars, placed without the boundary of that urea. 

Hence an arch in a wall is seldom or never called a 
vault ; and every vault may be called an arch, but every 
ardi cannot fee termed a vault. 

A groin vault, is a complex vault, formed by the inter- 
section of two solids, whose surfaces coincide with tha 
intrados of the arches, and are not confined to the sama 
heights. An arch is said to stand upon splayed jambs, 
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when the springiDg lines are not at right angles to the 
fiice of the wall. 

In the art of constructing arches and vaults, it is neces- 
sary to build tliem in a mould, until the whole is closed ; 
the mould used for this purpose is called a centre. 

The intrados of a simple vault is generally formed of 
a portion of a cylinder, cylindroid, sphere, or spheroid ; 
that is, never greater than the half of the solid : and the 
springing lines which terminate the walls, or when the 
vault begins to rise, are generally straight hoes, parallel 
to the axis of the cylinder, or cylindroid. 

A circular wall is generally terminated with a spherical 
vault, which is eiiber hemispherical, or a portion of a 
sphere less than a hemisphere. 

Every vault which has an horizontal straight axis, is 
called a straight vault ; and, in addition to what we have 
already said, the concavities which two solids form at an 
angle, receive likewise the name of arch. 

An arch, when a cylinder pierces another of a greater 
diameter, is called cylindra-cylindric. The term cy lindro 
is applied to the cylinder of the greatest diameter, and 
the termcylindric to the less. 

If a cylinder intersect a sphere of greater dtamater 
than the cylinder, the arch is called a sphero-cylindric 
arch ; but, on theoiher hnud, if a sphere pierce a cylio- 
der of greater diameter than the sphere, the arch is called 
a cylindrchspheric arch. 

If a cylinder pierce a cone, so as to make a complete 
perforation through the cone, two complete arches will be 
formed, called cono-cylindric arches ; but, on the con- 
trary, if a cone pierce a cylinder, so that the concavity 
made by the cone is a conic surface, the arch is called 
a cylindro-conic arch. 

If, in a straight wall, there be a cylindric aperture con- 
tinuing quite through it, two arches will be formed, called 
plnnO'Cylindric arches. 

Every description of arch is, in a similar manner to 

the above, denoted by the two preceding words; the 
former ending in o, signifying the principal vault, or sur- 
face cut ihrough; and the latter in ic^ signifying the de- 
scription of the aperture which pierces or intersects the 
wall or vault. 

When groins are introduced merely for use, they may 
be built either of brick or stone; but, wheQ introduced 
by way of proportion or decoration, their beauty will de- 
pend on the generating figures of the sides, the regular- 
ity of the surface, and the acuteness of the angles, which 
should not be obtuded. In the best buildings, when 



durability and elegance are equally required, they may be 
constructed of wrought stone; and, when elegance is 
wanted, at a trifling expense, of plaster, supported by 
timber ribs. 

In stone-cutting, a narrow surface formed by a point or 
chisel, on the surface of a stone, so as to coincide with a 
straight edge, is called a draught. 



FORMATION OF STONE ARCHES. 

The formation of stone arches has always been con- 
sidered a most useful and important acquisition to the 
operative mason : in order, therefore, to remove any dif- 
ficulties which might arise in the construction of arches 
of difierent descriptions, both in straight and circular 
walln, we shall here introduce a few examples, which, it 
is hoped, with careful examination, will greatly facilitate a 
knowledge of some of the mmi abstruse parts of the art 

PLATE 98. 

nc. 1. NO. 1. 

To find the moulds necessary for the construc- 
tion of a semi-circular arch, cutting a straight 
wall obliquely. 

Let A B C D E F G H be the plan of the arch ; I 
K L M the outer line; and N O P d the inner line on 
the elevation. 

a 6 c d 6, on the elevation, shows the bevel of each 
joint or bed from the face of the wall ; and a b c d e 
below, gives the mould for the same, where x y oa the 
elevation corresponds with x y eii a. 

The arch mould. No. 2, is applied on the face of the 
stone, and on being applied to the parts of the plan, 
gives, of course, the bevel of each concave side of the 
stone with the face, that is, K to 0, on the elevation. 



FIG. 2. 

To find the mould for constructing a semi-cir- 
cular arch in a eurcuiar wall. 

No. 1 is the elevation of the arch, and No. 2 the plan 
of the bottom bed from q to r. 

a to 6 is what the arch gains on the circle from the 
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bottom bed k oiol; and c io dis the projection of the 
intradoe to p, on the joint /, p. 

No8. 2, 3, and 4, are plans of the three arch-stones, 
1, 2, 3, in the elevation ; and Nos. 6 and 6 are moulds 
to be applied to the beds of stones 1 and 2, in which ^ 
c equals ^ c in No. 2, and t w equals ^ tr in No 3. 

In No. Ij k I J) is the arch or face mould. 

* 

When the reader is thoroughly proficient in the con- 
struction of arches, under given dalas, as the circum- 
stances of the case may point out, he may proceed to in- 
vestigate the principles of spherical domes and groins. 

Figs. 3 and 4 show the principles of developing the 
soffits of the arches in the two preceding examples. In 
each the letters of reference are alike, and the operation 
is precisely the same. 

Let A B D E be the plan of the opening in the wall ; 
and A F B the elevation of the arch : produce the chord 
A B (0 C, divide the semi-circle A F B into any number 
of parts, the more the better, and with the compasses set 
to any one of these divisions, run it as many times along 
A C as the semi-circle is divided into ; then draw lines, 
perpendicular to B C, through every division in the semi- 
circle and the line C A, and set the distance 1 6, 2 rf, 3/, 
&c. respectively equal io a b, c d, ef, &c. and then by 
tracing a curve through these points, and finding the 
points in the line G D, in the same manner, the soffit of 
the arch is complete. 

Fig. 5 shows the method of constructing spherical 
domes. 

No. 1 mould is applied on the spherical surface to the 
vertical joints ; and No. 2 mould on the same surface to 
the other joints ; and in both cases, the mould tends to 
the centre of the dome. 

3, 4, 5, 6, 7, and 8, are moulds which apply on the 
convex surface to the horizontal joint, the lines ah, c d^ 
ef^ &c. being at right angles to the different radii, ft c, 
d Cjf c, &c. and produced until they intersect the per- 
pendicular a c ; the different intersections are the centres 
which give the circular leg of the mould, and the straight 
part gives the horizontal joint. 

Fig. 6 exhibits the plan of a groined vault. 

Lay down the arch, either at the full or half size, on 
a floor or piece of oor-cloth, then divide and draw on 
the plan the number of joints in the semicircular arch, 
and from the intersections with the diagonals, draw the 
transverse joints on the plan, and produce them till 
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they touch the intrados of the elliptical arch, the curve of 
which may be found by setting the corresponding dis- 
tances from the line of the base to the curve ; thus 
a b equal to a ft. This being accomplished, draw the 
joints of the elliptical arch in the manner of which we 
give c d US h specimen. To draw the joint c d, draw 
chord e c and bisect it, draw a line from the centre c 
through the bisecting point, and produce it till it touches 
the perpendicular ef; and c d, being at right angles to c/, 
will be the joint required. In the same manner the 
others are found. 

By examination, it will be seen, that a rectangle cir- 
cumscribing the mould 3, 3, gives the size of the stone in 
its square state, and, that if each stone in both arches be 
thus enclosed, the dimensions for each will be found, as 
also the position in which the moulds must be placed. 
The dark lines give the 4ifferent bevels, which must be 
carefully prepared and npplied to the stones in the man- 
ner represented in the figure. 

FIG. 7. 

To draw the joints of the stones for an elliptical 

arch in a wall, &c. 

The curve is here described by the intersection of 
lines, which, certainly, gives the most easy and pleas- 
ing curve, as segments of circles apply only under cer- 
tain data, or in the proportion which the axis major has 
to the axis minor, while the intersection of lines apply 
to any description of ellipses. Find the foci F. In an 
ellipsis the distance of either focus from one extremity 
of the axis minor is equal to the semi-axis major; that 
is, D F is equal to c C. Then to find- any joint, a ft, 
draw hnes from both foci through the point ft, as F c, / 
dj and bisect the angle d ft e by the line a ft, which is 
the joint required. 
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In building upon an inclined plane, or rising ground, 
the foundation must be made to rise in a series of level 
steps, according to the gen^xdV T^^^e of the ground, io 
insure a firm bed for the cou^ ^ aoi prevent ihem from 
sliding ; for if this mode w^ ' ^ ^.dopVe^i ^^^^ moiatuTc 
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in the foundations in wet weather will induce the inclined 
parts to descend, to the manifest danger of fracturing the 
walls and destroying the building. 

In walling, in dry weather, when the work is required 
to be firm, the best mortar must be used ; and the bricks 
must be wetted or dipped in water, as they are laid, to 
cause them to adhere to the mortar, which they would 
not do if laid dry ; for the dry sandy nature of the brick 
absorbs the moisture of the mortar, and prevents adhesion. 

Id carrying up the wall, not more than four or five 
feet of any part should be built at a time ; for, as all 
walls shrink immediately after building, the part which is 
first carried up will settle before the adjacent part is 
carried up to it, and, consequently, the shrinking of the 
latter will cause the two parts to separate ; therefore, 
no part of a wall should be carried higher than one scaf- 
fold, without having its contingent parts added to it. In 
carrying up any particular part, the ends should be reg- 
ularly sloped off, to receive the bond of the adjoining 
parts on the right and left. 

There are two kinds of bond in brick work, which 
difier materially from each other. Bricks laid length- 
ways in the direction of the wall are called stretchers, 
and those laid in an opposite way, crossing the direction 
of the wall, are called headers. The old English bond 
is a continuation of one kind throughout in the same 
course or horizontal layer, and consists of alternate lay- 
ers of headers and stretchers ; the headers serving to 
bind the wall together in a longitudinal direction, or 
lengthways; the stretchers to prevent the wall splitting 
crossways, or in a transverse direction. Of these two 
eviU, the former is by much the worst kind, and is there- 
fore the most dreaded by the bricklayer. The brick 
work of the Romans was of this kind of bond. 

The other description of bond, called Flemish bond, 
consists in placing a header and a stretcher alternately 
in the same course. The latter is deemed the neatest, and 
most elegant ; but, in the execution, is attended with 
great inconvenience, and, in most cases, does not unite 
the parts of a wall with the same degree of firmness as 
the English bond. In general, it may be observed, that 
whatever advantages are gained by the English bond in 
tying a wall together in its thickness, are lost in the lon- 
gitudinal bond ; and vice versa. To remove this incon- 
venience, in thick walls, some builders place the bricks 
in a cone at an angle of forty-five degrees, parallel to each 
other, throughout the length of every course, but reversed 
in the alternate courses ; so that the bricks cross each 



other at right angles. But even here, though the bricks 
in the cone have suflScient bond, the sides are very im- 
perfectly tied, on account of the triangular interstices 
formed by the oblique direction of the internal bricks 
against the flat edges of those in the outside. 

Concerning the English bond, it may be observed, 
that, as the longitudinal extent of a brick is nine inches 
and its breadth four and a half, to prevent two vertical 
joints from running over each other at the end of the 
stretcher from the corner, it is usual, after placing the 
return corner stretcher, which occupies half the length of 
this stretcher, and becomes a header in the face, as the 
stretcher is below, to place ar quarter brick on the side, 
so that the two together extend six inches and three 
quarters, being a lap of two inches and a half for the next 
header. The bat introduced is called a closer. A sim- 
ilar effect may be obtained by introducing a three-quarter 
bat at the corner of the stretching course, so that the 
corner header being laid over it, a lap of two inches and 
a quarter will be left, at the end of the stretchers below, 
for the next header, which being laid on the joint below 
the stretchers, will coincide with its middle. 

In the winter, it is very essential to keep the unfinished 
wall from the alternate effects of rain and frost ; for if it 
is exposed, the rain will penetrate into tbe bricks and 
mortar, and by being converted into ice, expand, and 
burst or crumble the materials in which it is contained. 

The decay of buildings, so commonly attributed to 
the effect or time, is, in fact, attributable to this source ; 
but as finished edifices have only a vertical surface, the 
action and counter-action of the rain and frost extend 
not so rapidly as in an unfinished wall, where the hori- 
zontal surface permits the rain and frost to have easy 
access into the body of the work. Great care, there- 
fore, must be taken as soon as the frost or stormy 
weather sets in, to cover the unfinished walls, either 
with straw, which is the most common, or weather 
boarding. 

When weather boarding is employed, it is advisable 
to have a good layer of straw between the work and the 
boarding, and to place the boarding in the form of stone- 
coping, to throw the water off equally on both sides. 

A number of very pleasing cornices and other orna- 
ments may be formed in brick-work, by the mere dispo- 
sition of the bricks, without cutting ; and if cut, a sim- 
ple champher will be sufficient. A great defect, how- 
ever, is very often observable in these ornaments, par- 
ticularly in the bulging of arches over windows ; which 
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arises from mere carelessness, in rubbing the bricks too 
much on the inside; whereas, if due care were taken to 
rub them exact to the gauge, their geometrical bearings 
being united, they would all tend to one centre, and pro- 
duce a well proportioned and pleasing effect. 



PLASTERING. . 

The Plasterer is a workman to whom the decorative 
part of architecture owes a considerable portion of 
its effect, and whose art is requisite in every kind of 
building. 

The tools of the plasterer consist of a spade, or shovel 
of the usual description ; a raAre, with two or three prongs, 
bent downwards from the line of the handle, for mixing 
the hair and mortar together ; trowels of various kinds 
and sizes ; stopping and picking-out tools ; rules called 
straight-edges ; and wood models. 

The trowels used by plasterers are more neatly made 
than tools of the same name used by other artificers. 
The laying and smoothing tool consists of a flat piece of 
hardened iron, about ten inches ip length, and two inches 
and a half wide, very thin, and ground to a semi-circular 
shape at one end, but left square at, the other ; and at 
the back of the plate, near the square end, is riveted a 
small iron rod with two legs, one of which is fixed to the 
plate, and the other to a round wooden handle. With 
this tool all the first coats of plaster are laid on, as is also 
the last, or, as it is technically termed, the setting. The 
other kinds of trowels are made of three or four sizes, 
for gauging the fine stuff and plaster, used in formhig 
cornices, mouldings, ioc. The longest size of these is 
about seven inches on the plate, which is of polished 
steel, about two inches and three quarters broad at the 
heel, diverging gradually from a point. To the heel or 
broad end a handle is adapted. 

The stopping and picking-out tools are made of 
polished steel, of different sizes, though most generally 
about seven or eight inches in length, and half an inch 
in breadth, flattened at both ends, and ground somewhat 
round. These tools are used in modelling and finishing 
mitres and returns to cornices ; as Ukewise in filling-up 
and perfecting the ornaments at the joinings. 

The straight-edges are for keeping the work in an even 
or perpendicular line; and the mx>dels or moulds are for 



running plain mouldings, cornices, &c. ; of these latter 
the plasterers require a greater number, as very little of 
his finishing can be done without them. 

Experienced workmen keep their tools very clean, and 
have them daily polished. 

Plasterers have technical divisions of their work, by 
which its quality is designated, and value ascertained ; 
as, lathing; laying; pricking-up; lathing, laying and set; 
lathing, floating, and set; screed, set or putty; render* 
ing and set, or rendering, floated and set; trowelled 
stucco, &c. ; each of which, hereafter, we shall very 
minutely explain. 

In all the operations of plastering, lime extensively 
abounds; we shall, therefore, first offer some observations 
on the properties of this important article. 

All who have written on the subject of lime, as a 
cement, have endeavored to ascertain what is the due 
proportion of sand for making the most perfect cement, 
but with a little attention it is evident, that all prescribed 
rules must be so very vague and uncertain, as to be of lit- 
tle utility to the workman; for, besides the variation which 
is occasioned by a more or less degree of calcination, it is 
a certain fact, that some kinds of Umestone are much 
more pure, and contain a much smaller proportion of 
sand, than others ; consequently, it would be absurd to 
say, that pure lime requires as small a proportion of sand, 
when made into mortar, as that which originally contained 
in itself a large proportion. 

The variation thus produced, in regard to the propor- 
tion of sand, is found to be extremely great. It is, how- 
ever, stated, that the best mortar which has come under 
examination, was formed of eleven parts of sand to one 
of lime: to which was added, by measure, between twice 
and thrice its own bulk of sand, which may be allowed 
to have been at least three times its quantity by weight 
Supposing, therefere, that every particle of the lime had 
been so perfectly calcined as to be in a caustic state, 
there could not be less than forty-seven parts of sand to 
one of lime ; but it is hard to suppose, that above one 
hundredth part of this mass, independent of the water, 
consisted of pure caustic calcareous earth. 

From these considerations it is conceived, that it is 
impossible to prescribe any determinate proportion of 
sand to lime, as that must vary according to the nature 
of the lime, and other incidental circumstances, which 
would form an infinity of exceptions to any general rule. 
But it would seem, that it might be safely inferred that 
the moderns in general, rather err in giving too little, than 
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ia giving too much sand. It deserves, however, to be 
noticed, that the sand, when naturally in the hmestone, 
is more intimately blended with the lime, than can pos- 
sibly be ever effected by any mechanical operation ; so 
that it would be in vain to hope to make equally good 
mortar artificially from pure lime, with so small a propor- 
tion of caustic calcareous matter, as may sometimes be 
effected, when the lime naturally contains a very large 
proportion of sand. Still, however, there seems to be 
no doubt, that if a much larger proportion of sand than is 
common were employed, and that more carefully and 
expeditiously blended and worked, the mortar would be 
made much more perfect, as has been proved by actual 
experiments. 

Another circumstance, which greatly tends to vary the 
quality of cement, and to make a greater or smaller pro- 
portion of sand necessary, is, the mode of preparing the 
lime before it is beaten up into mortar. When for plas- 
ter, it is of great importance to have every particle of the 
limestone slacked before it is w^orked up; for, as smooth- 
ness of surface is the most material point, if any particles 
of lime be beaten up before sufficiently slacked, the water 
still continuing to act on them will cause them to expand, 
which will produce those excrescences on the suiface of 
the plaster, termed blisters. Consequently, in order to 
obtain a perfect kind of plaster, it is absolutely necessary 
that the lime, before being worked, be allowed to remain 
a considerable time macerating or sovriiig in water: the 
same sort of process, though not absolutely required, 
would considerably improve the lime intended for mor- 
tar. Great care is required in the management : the 
principal thing being the procuring of well-burnt lime, 
and allowing no more lime, before worked, than is 
just sufficient to macerate or sour it with the water : 
the best burnt lime will require the maceration of some 
davs. 

It has been almost universally admitted, that the hardest 
limestone affords the lime which will consolidate into 
the finest cement ; hence, it is generally concluded that 
lime made of chalk produces a much weaker cement than 
that made of marble or limestone. It would seem, 
however, that, if ever this be the case, it is only inci- 
dentally, and not necessarily. In making of the mortar, 
other substances are occasionally mixed with lime, which 
we shall here proceed to notice, and endeavor to point 
out their excellencies and defects. Those commonly 
used besides sand of various denominations, are powdered 
sand-stone, brick-dust, and sea-shells; and for forming 



plaster, where closeness rather than hardness is required, 
lime which has been slacked, and kepi in a dry place 
till it has become nearly effete, and powdered chalk, 
or whiting, and gypsum, in various proportions, besides 
hair and other materials of a similar nature. Other 
ingredients have been more lately recommended, such 
as earthy balls, slightly burnt and pounded, old mortar 
rubbish, powdered and sifted, and various things of the 
like kind, the whole of which are, in some respect or 
other, objectionable. 

Plaster of Paris is employed by the plasterer to give the 
requisite form and finish to all the superior parts of his 
work. 

It is made of a fossil stone, called gypsum, which is 
excavated in several parts of the neighborhood of Paris, 
where it derives its name, and is calcined to a powder, to 
deprive it of its water of crystallization. 

The stones are burnt in kilns, which are generally of 
very simple construction, being not im frequently built of 
the gypsum itself. The pieces to be calcined are 
loosely put together in a parallelopiped heap, below which 
are vaulted pipes or flues, for the application of a mod- 
erate heat. 

Tlie calcination mxx^i not be carried to excess ; as 
otherwise the plaster will not form a solid mass when 
mixed with a certain portion of water. During the pro- 
cess of calcination, the water of crystallization rises as 
white vapor, which, if the atmosphere be dry, is qtiickly 
dissolved in air. 

The pounding of the calcined fragments is performed 
sometimes in mills constructed for the purpose, and some- 
times by men, whose health is much impaired by the 
particles of dust settling upim their lungs. 

X)vi the river Wolga, in Russia, where the burning of 
gypsum constitutes one of the chief occupations of the 
peasantry, all kinds of gypsum are burnt promiscuosly 
on grates made of wood ; afterwards the plaster is 
reduced to powder, passed through a sieve, and finally 
formed into small round cakes, which are sold' at so 
much per thousand. 

These balls are reduced into an impalable powder by 
the plasterer, and then mixed with mortar. 

The less the gypsum is mixed with other substances, 
the better it is qualified for the purpose of making casts, 
stucco, &c. The sparry gypsum, or selenite, which is 
the purer kind, is employed for taking impressions from 
coins and medals, and for making those beautiful imita- 
tions of marble, granitCi and porphyry, known by the 
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name of seagliolay which is derived from the Italian 
word, scagli. 

Finely powdered alabaster, or plaster of Paris, when 
heated in a crucible, assumes the appearance of a fluid, 
by rolling in waves, yielding to the touch, steaming, &c. 
all of which properties it again loses on the departure of 
the heat: if taken from the crucible and thrown upon 
paper, it will not wet it ; but immediately be as motion- 
less as it was before being exposed to the heat 

Two or three spoonfuls of burnt alabaster mixed up 
thin with water, will, at the bottom of a vessel filled with 
water, coagulate into a hard lump, notwithstanding the 
water that surrounds it. The coagulating or setting 
property of burnt alabaster will be very much impaired 
or lost, if the powder be kept for any considerable time, 
and more especially in the open air. When it has been, 
once tempered with water, and sutTered to grow hard, ii 
cannot be rendered of any farther use. 

Plaster of Paris, diluted with water into the consist- 
ence of a soft or thin paste, quickly sets, or grows firm, 
and at the instant of its setting, has its bulk increased. 
This expansive property, in passing from a soft to a firm 
state, is one of its valuable properties ; rendering it an 
excellent matter for filling cavities in sundry works, 
where other earthy mixtures would shrini: and l^ave 
vacuities, or entirely separate from the adjoining parts. 
It is also probable that this expansion of the plaster 
might be made to contribute to the elegance of the im- 
pressions it receives from medals, ice, by properly con- 
fining it when soft, so that at its expansion, it would be 
forced into the minutci^t traces of the figures. 

Other cements are used by plasterers for inside work. 
The fir<t is called lime and hair^ or coarse stuff, and is 
prepared as common mortar, with the addition of hair 
from the tan-yards. The mortar is first mixed with a 
requisite quantity of sand, and the hair is afterwards 
worked in by the application of a rake. 

Next to this \sjine stuff, which is merely pure lime, 
slacked first with a small quantity of water, and after- 
wards, without any extraneous addition, supersaturated 
with water, and put into a tub in a half fluid state, 
where it is allowed to remain till the water is evaporated. 
In some particular cases, a small portion of hair is incor- 
porated. When this fine stuff is used for inside walls, 
it is mixed with very fine washed sand, in the propor- 
tion of one part sand to three parts of fine stuff, and is 
then called trowelled or bastard stucco^ with which all 
walls intended to be painted are finished. 

40 



The cement called gauge stuff j consists of three fifths 
of fine stufif, and one fifth plaster of Paris, mixed together 
with water, in small quantities at a time, to render it 
more ready to set. This composition is mostly used in 
forming cornices and mouldings run with a wooden 
mould. When great expedition is required, plasterers 
gauge all their mortars with plaster of Paris, which sets 
immediately. 

The technical divisions of pksterer's work shall now 
claim our attention. 

Lathings the first operation, consists in nailing laths 
on the ceiling, or partition. Laths are made of spruce, 
or pine, and are fastened with cut nails. They are made 
in four foot lengths; and, with respect to their thickness 
and strength, are leither single, lath and half, or double. 
The single are the thinnest and cheapest; those called 
lath and half, are sup|)osed to be one-third thicker than 
the single '; and the double laths are twice that thickness. 
In lathing ceilings, the plasterers should so dispose them 
that the joints be as much broken as possible, that they 
may have the stronger key or tie, and thereby strengthen 
the plastering with which they ,are to be covered. The 
thinnest laths are used in partitions, and the strongest 
for ceilings. 

Laths are also distinguished into heart and sap laths : 
the former should always be used in plain tiling ; the 
latter, which are of inferior quality, are most frequently 
used by the plasterer. 

Sawed laths have within a few years been introduced, 
and are now in general use. They are not subject to so 
much waste, cost less, anU do not require so much mor- 
tar as the split lath ; the last named, however, retainslhe 
mortar most firmly. 

Having nailed the laths in their appropriate order, the 
plasterer's next business is to cover them with plaster, 
the most simple and common operation of which, is lat/- 
ing ; that is, spreading a single coat of lime and hair 
over the whole ceiling, or partition ; carefully observing 
to keep it smooth and even in every direction. This is 
the cheapest kind of plastering. 

Pricking'Up is performed in the same manner as the 
foregoing ; but it is only a preliminary to a more perfect 
kind of work. After the plaster is laid on, it is crossed 
all over with the end of a lath, to give it a tie or key to 
the coat, which is afterwards to be laid upon it. 

Lathing, layings and set, or whatis termed lath and 
plaster^ one cocU and set, is, when the work, after being 
lathed, is covered with one coat of lime and hair, and 
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afterwards, when sufficiently dry, a Jhin and smooth coat 
spread over it, consisting of lime only, or, as the work- 
men call it, putty or set. This coat is spread with a 
smoothing-trowel, used by the workman with his right 
hand, while his left hand moves a large flat brush of 
bog's bris^tles, dipped in water, iKickwards and forwards 
over it, and thus produces a surface tolerably even for 
cheap work. 

Latking^ floating and set, or lath and piaster^ one 
coat, floated and setf differs from the foregoing, in having 
the first coat pricked up to receive the set, which is here 
called the^oa^in^. In doing this, the plasterer is pro- 
vided with a substantial straight edge, frecjiienlly from 
ten to twelve feet in length, which must be used by two 
workmen. All the parts to be floated are tried by a 
plumb-line, to ascertain whether they be perfecdy flat 
and level, and whenever any deficiency appears, the hol- 
low is filled up with a trowell-full or more of lime and 
hair only, which is termed ^Z///2^ out, and when these 
preliminaries are settled, the screeds ace next farmed. 
The term screed signifies a style of lime and hair, about 
deven or eight inches in width, gauged quite true, by 
drawing the straight edge over it until it be so. These 
screeds are made at the distance of about three or four 
feet from each other, in a vertical direction, all round 
the partitions and walls of a room. When all are formed, 
the intervtilH are filled up with Hme and hair, called by 
the workmen, stuff, fill flush with the face of the screeds. 
The straight edge is then worked horizontally on the 
screeds by which all ihe superfluous stuff, projecting 
beyond them in the intervals, is removed, and a plain 
surliice produced. This operation is lerme<l floating^ 
and may be applied to ceilings as well as to parfiiions, or 
upright walls, by firs^t forming the screeds in the direc- 
tion of the breadth of the npartmenf, an I filing np the 
intervals as above described. As great care is requisite 
to render the plaster soimd and even, none but skillful 
workmen should be employed. 

The set to floated work is performed in a mode similar 
to thut aheady prec?cribed for laying ; but being employ- 
ed only for best rooms, is done with more care. About 
one sixth of plaster of Paris is added to it, to make it 
set more expeditiously, to give it a closer and more com- 
pact appearance, and to render it more firm and better 
calculated to receive the white-wash or color when dry. 
For floated stucco work the pricking-up cannot be 
too dry : but, if tlie floating, which is to receive the set- 
ting coat, be too dry, before the set is laid on, there will 



be danger of its peeling oflT, or of assuming the appear- 
ance of little cracks, or shells, which would disfigure the 
work. Particular care and attention therefore must be 
paid to have the under coats in a proper state of dry- 
ness. It may here be observed, that cracks, and other 
unpleasant appearances in ceilings, are mere fi-equently 
the efifect of weak laths being covered with too much 
plaster, or too Iktie plaster u^n strong laths, rather than 
of any sagging or other inadequacy in the timbers, or the 
building. If the laths be properly attended to, and the 
plaster laid on by a careful and judicious workman, no 
cracks or other blemishes are likely to appear. 

The next operation combines both the foregoing pro- 
cesses, but requires no lathing ; it is called rendering 
and set J or rendering, floated, and set. What is under- 
stood by rendering, is the covering of brick or stone 
wall with a coat of lime and hair, and by set is denoted 
a superficial coat of fine stufi* or putty upon the render- 
ing. These operations are similar to those described for 
settingof ceilings and partitions; and ihe floated and set 
is laid on the rendering in the same manner as on the 
partitions, (fee. already explained, for the best kind of 
work. 

Trowelled stucco, which is a very neat kind of work, 
used in dining-rooms, halls, <fcc. where the walls are pre- 
pared to be painted, must be worked upon a floated 
ground, and the floating be quite dry before the stucco is 
a; plied. In this process the plasterer is provided with 
a wooden tool, called a float, consisting of a piece of 
halfinch hoard, about nine inches long, and three wide, 
planed smooth, with its lower' edges a little rounded ofl^, 
and having a handle on the upper surface. The stucco 
is prepared as above described, and afterwards beaten 
and teiTjpered with clear water. The ground intended 
to be stuccoed is fir^t prepared with a large trowel, and 
is made as smooth and level as possible; when the stucco 
has been spread upon it to the extent of four or five feet 
square, (he workman with a float in his right hand and a 
bi u>h in his left, sprinkles with water and rubs alternate- 
ly the face of the stucco, till the whole is reduced to a 
fine even surf^ice. He then prepares another square of 
the ground, and proceeds as before, till the whole is 
completed. The water has the effl^ct of hardening the 
face of the stucco. When the floating is well performed 
it will feel as smooth as glass. 

Rough casting or rough walling, is an exterior finish- 
ing, much cheaper than stucco, and therefore more 
frequently employed on cottages, farm houses, &c. than 
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OD buildiogi of a higher class. The wall intended to be 
rough-cast, is jQrst picked-up with a coat of lime and 
hair ; and when this is tolerably dry, a second coat is 
laid on, of the same materials as the first, as smooth as 
It can possibly be spread. As fast as the workman 
finishes this surface, he is followed by another with a 
pailfuli of rough-cast, with which he bespatters the new 
plastering, and the whole dries together. The rough- 
cast is composed of fine gravel, washed from all earthy 
particles, and mixed with pure lime and water till the 
whole is of a semi-fluid consistency. This is thrown 
from the pail upon the wall with a wooden float, about Ave 
or six inches long, and as many wide, made of half-inch 
board, and fitted with a round handle. While, with this 
tool, the plasterer throws on the rough-cast with his 
right hand, he holds in his left a common whitewasher's 
brush, dipped in the rough-cast also, with which he 
brushes and colors the mortar and the rough-cast he has 
already spread, to give them, when finished, a regular 
uniform color and appearance. 

Cornices are either plain or ornamented, and some- 
times embrace a portion of both classes. The first point 
to be attended to is, to examine the drawings, and meas- 
ure the projections of the principal members, which, if 
projecting more thaa seven or eight inches, must be 
bracketed. This consists in fixing up pieces of wood at 
the distance of about ten or twelve inches from each 
other, all round the place proposed for the cornice, and 
nailing laths to them, covering the whole with a coat of 
plaster. In the brackets, the stuff necessary to form the 
cornice must be allowed, which in general is about one 
inch and a qtiarter. A beech mould is next made by the 
carpenter, of the profile of the intended cornice, about a 
quarter of an inch in thickness, with the quirks, or small 
sinkings, of brass or copper.* All the slmrp edges are 
carefully removed by the plasterer, who opens with his 
knife all the points which he finds incompetent to receive 
the plaster freely. 

The;^ preliminaries being adjusted, two workmen, 
provided with a tub of putty and a quantity of plaster of 
Paris, pcoceed to run the cornice. Before using the 
mould, they gauge screed of putty and plaster upon the 
waU and ceiling, covering so much of each as will cor- 
respond with the top and bottom of ttie intended cornice. 
On this screed one or two slight board straight edges 
adapted to as many notches or chases made in the mould 
for it to work upon, are nailed. The puUy is then mixed 
with about one-third of plagter of Paris, and brought to 



a semi-fluid state by the addition of clean water. One 
of the workmen, with two or three trowels-full of this 
composition upon his hawkj which he holds in lib left 
hand, begins to plaster over the surface intended for the 
cornice, with his trowel, while his partner applies the 
mould to ascertain when more or lesd is wanted. When 
a sufficient qitaniity of plaster is laid on, the workman 
holds his mould firmly against both the ceiling and the 
wall, and moves it backwards and forwards, which re- 
moves the superfluous stuff, and leaves an exact impres- 
sion of the mould upon the plaster. This is not effected 
at once ; for while he works the mould backwards and 
forwards^ the other workman takes notice of any de- 
ficiencies, and fills them up by adding fresh supplies of 
plaster. In this manner a cornice from ten to twelve feet 
in length may be formed in a very short time; indeed, 
expedition is essentially requisite, as the plaster of Paris 
occasions a very great tendency in the putty to set ; to 
prevent which, it is necessary to sprinkle the composi* 
tion frequently with water, as plasterers, it\ order to se- 
cure the truth and correctness of the cornice, generally 
endeavor to finish all the lengths, or pieces, between any 
two breaks or projections, at one time. In cornices 
which have very large proportions, and in cases where 
any of the orders of architecture are to be introduced, 
three or four moulds are required, and are similarly ap- 
(died, till all tha parts are formed. Internal and external 
mitres, and small returns or breaks, are afterwards mod- 
elled and filled up by hand. 

Cornices to be enriched with ornaments, have certain 
indentations, or sinkings, left in the mould in which the 
casts are laid. These ornaments were formerly made by 
hand ; but now are cast in plaster of Paris, from clay 
models. Wlien the clay model is finished, and has, by 
exposure to the action of the atmosphere, acquired some 
degree of firmness, it is let into a wooden frame, and 
when it has been retouched and finished, the frame is 
filled with melted wax, which, when cold, is, by turning 
the frame upside down, allowed to full off, being an 
exact cameo, or counterpart of the model. By these 
means, the most enriched and curiously wrought mould- 
ings may be cast by the common plasterer. These wax 
models are contrived to cast about.a foot in length of the 
ornament at once, such lengths being easily got out from 
the cameo. The casts are made of the finest and purest 
plaster of Paris, saturated with water; and the wax mould 
is oiled previously to its being put in. When the casts, 
o: inti^liosi are ficst taken from the mould, they are not 
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very firm ; but being suffered to dry a little, either in the 
open air or in an oven, they acquire sufficient hardness to 
allow of being scraped and cleaned. 

Basso-relievos and friezes are executed in a similar 
manner, only the wax mould is so made, that the cast 
can have a back ground at least half an inch thick 
of plaster cast to the ornament or figure, in order to 
strengthen and secure the proportions, at the same time 
that it promotes the general effect. 

The process for capitals to columns is also the same, 
except that numerous moulds are required to complete 
them. In the Corinthian capitals a shaft or belt is first 
made, on which is afterwards fixed the foliage and volutes; 
the whole of which require distinct cameos. 

In running cornices, which are to be enriched, the 
plasterer takes care to have proper projections in the 
running moulds, so as to make a groove in the cornice, 
for the reception of the cast ornament, which is laid in 
and secured by spreading a small quantity of liquid plas- 
ter of Paris on its back. Detached ornaments intended 
for ceilings or other parts, and where no running mould 
has been employed, are cast in pieces corresponding with 
the design, and fixed upon the ceiling, <fcc. with white 
lead, or with the composition known by the name of 
iron-cement. 

The manufacture of stucco has, for a long time past, 
attracted the attention of all connected with this branch 
of building, as well as chemists and other individuals : 
but the only benefit resulting from such investigations 
is, a more extensive knowledge of the materials used. 
It would seem, ihat the great moisture of our climate pre- 
vents its being brought to any high degree of perfection ; 
though, among the various compositions which have been 
tried and proposed, some, comparatively speaking, are 
excellent. 

Common stucco, used for external work, consists of 
clean-washed river sand and ground lime, which are 
mixed dry, in the proportion of three of the latter to one 
of the former: when well incorporated together, these 
should be secured from the air in casks till required for 
use. Walls to be covered with this composition, must 
first be prepared, by raking the mortar from the joints, 
and picking the bricks or stones, till the whole is in- 
dented : the dust and other extraneous matter must then 
be brushed off, and the wall well saturated with clean 
ivater. The stucco is supersaturated with water, till it 
has the appearance and consistence of ordinary white- 
tvasb, in which state it is rubbed over the wall with a flat 



brush of hog's bristles. When this process, called 
roughing'triy has been performed, and the work has be- 
come tolerably dry and hard, which may be known by 
its being more white and transparent, the screeds are to 
be formed upon the wall with fresh stucco from the cask, 
tempered with water to a proper consistency, and spread 
on the upper part of the wall, about eight or nine inches 
wide ; as also against the two ends, beginning at the top 
and • proceeding downwards to the bottom. In this 
operation, two workmen are required ; one to supply the 
stucco, the other to apply the plumb-rule and straight 
edge. When these are truly formed, other screeds must 
be made in a vertical direction, about four or five feet 
apart, unless apertures in the wall prevent it, in which 
case they must be formed as near together as possible. 
When the screeding is finished, compo is prepared in 
larger quantities, ahd both the workmen spread it with 
their trowels over the wall in the space left between each 
pair of screeds. When this operation is complete, the 
straight edge is applied, and dragged from the top to tbe 
bottom of each pair, to remove whatever superfluous 
stucco may project above the screeds. If there be any 
hollow places, fresh stucco is applied, and the straight 
edge is again drawn over the spot, till the compo is 
brought even to the face of the^screeds, and the whole is 
level with the edge of the rule. Another interval is then 
filled up, and the workmen thus proceed till tbe whole 
of the wall is covered. The wall is finished by floating, 
that is, hardening the surface by sprinkling it with water, 
and rubbing it with the common wood-float, which is per- 
formed similarly to trowelling stucco. 

This description of compo is frequently used by plas- 
terers for cornices and mouldings, in the same manner as 
described in common plastering ; but if the workman 
finds it necessary, he may add a small quantity of plaster 
of Paris, to make it fix the better while running or work- 
ing the mould. Such addition is not, however, calculated 
to give strength to tbe stucco, and is only made through 
the necessity of having a quick set. 

Scagliola is a distinct branch of plastering, discovered 
or invented, and much used in Italy, and thence intro- 
duced into France, where it obtained its name. 

Columns and pilasters are executed in this branch of 
f>Iastering in the following manner: A wooden cradle, 
composed of thin strips of pine, or other wood, is made 
to represent the column designed ; but about two inches 
and a half less in diameter than the shaft is intended to 
be when finished. This cradle is lathed round, as for 
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cottiroon plastering, and then covered with a pricking-up 
coat of lime and hair. When this id quite dry, the artists 
in scagliola commence operations, by imitations of the 
most rare and precious marbles, with astonishing and 
delusive effect ; indeed, as the imitation takes as high a 
polish, and feels as cold and hard as the most compact 
and solid marble, nothing short of actual fracture can 
possibly discover the counterfeit. 

In preparing the scagliola, the workman selects, breaks, 
and calcines the purest gypsum, and as soon as the 
largest fragments, in the process of calcination, lose their 
brilliancy, withdraws the fire, and passes the calcined 
powder through a very fine sieve, and mixes it, as re- 
quired for use, with a solution of glue, isinglass, <fcc. In 
this solution the colors required in the marble to be imi- 
tated are diffused ; but when the work is to be of various 
colors, each color is prepared separately, and afterwards 
mingled and combined, nearly in the same manner as a 
painter mixes on his palette the primitive colors to com- 
pose his different tints. 

TV* hen the powdered gypsum is prepared, it is laid on 
the shaft of the intended column, over the pricked-up 
coat of lime and hair, and is then floated with moulds 
of wood, made to the requisite size : the artist uses the 
colors necessary to the imitation during the floating, by 
which means they mingle and incorporate with the sur- 
face. To obtain the glossy lustre, so much admired in 
works of marble, the workman rubs the work with one 
hand with a pumice stone, while with the other he cleans 
it with a wet sponge : he next polishes it with tripoli, 
charcoal, and a piece of fine linen ; afterwards with a 
piece of felt dipped in a mixture of oil and tripoli, and 
finally completes the work by the application of pure oil. 
This imitation is, certainly, the most complete that can 
be conceived ; and when the bases and capitals are made 
of real marble, as is the common practice, the deception 
is beyond discovery. If not exposed to the weather, it 
is, in point of durability, little inferior to real marble, 
retains its lustre full as long, and is not one-eighth of the 
expanse of the cheapest kind. 

There is another species of plastering, used in the 
decorative parts of architecture^ and for the frames of 
pictures, looking-glasses, &c which is a perfectly dis- 
tincl branch of the art. This composition, which is very 
strong, and, when quite dry, of a brownish color, consists 
of the proportion of two pounds of powdered whiting, 
one pound of glue in solution, and half a pound of lin- 
seed oil, mixed together, and heated in a copper, and 
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stirred with a spatula, till the whole is incorporated* 
When cool, it is laid upon a stone, covered with powdered 
whiting, and beaten till it assumes a tough and firm con- 
sistence; after which it is covered with wet cloths, to 
keep it fresh, till required for use. 

The ornaments to be cast in this composition are 
modelled in clay, as in common plastering, and after- 
wards a cameo, or mould, is carved in box-wood. This 
carving requires to be done with the utmost care, other- 
wise the symmetry of the ornament which is to be cast 
from it will be spoiled. The composition, when requir- 
ed for use, is cut with a knife into pieces of the requi- 
site size, and forced into the mould ; after which it is 
put into a press, worked by an iron screw, and still 
further compressed. "When the mould is taken from the 
press, the composition, which is generally cast about a 
foot in length, is dislodged from the mould, and the 
superfluous parts pared off with a knife, and cast into the 
copper for the next supply. 

The ornaments thus formed, are glued upon wooden 
grounds, or fixed by means of white lead, &c. ; after 
which they are painted or gilt, according to the purposes 
for which they are intended. This composition is at least 
80 per cent, cheaper than carving,^ and, in most cases, 
equally calculated to answer all the purposes of the art. 

It is much to be wished, that the art of plastering 
could be restored to its ancient perfection ; for the 
Romans possessed an art of rendering works of this kii^d 
much more firm and durable than can be accomplished at 
the present time. 

The specimens of ancient Roman plastering still visi- 
ble, which have not been injured by force, are found to 
be firm and solid, free from cracks or crevices, and aa 
smooth and polished on the surface as when first applied. 
The sides and bottoms of the Roman aqueducts were 
lined with this plastering, and endured many ages. 

At Venice, some of the roofs of houses, and the floors of 
roon)s, are covered with a sort of plaster of later date, 
and yet strong enough to endure the sun and weather for 
several ages, without either cracking or spoiling. 

The method of making the Ycnetian composition is 
not known in England ; but such might probably be 
made by heating the powder of gypsum over a fire, and 
when boiling, which it will do without the aid of water, 
or other fluid, mixing it with rosen, or pitch, or both 
together, with common sulphur, and the powder of sea- 
shells. If these be mixed together, WAter added to it, 
and the composition kept on the fire till the instant of its 



162 



KJILDISKT. 



being used, it is not improbable tbat the secret may be 
discovered. Oil of turpentine and wax, which are the 
pommon ingredients in such cements as are aecoanted 
firmest, may also be tried as additions; as also may strong 
ale wort, which is by some directed to be used instead 
of water, to make mortar of limestone of more than 
ordinary strength. 



SLATING. 

This branch of building, which is principally employed 
in the covering of roofs, is not unfrequently combined 
with tbat of plastering. The elates chiefly used in Lon- 
don are brought from the quarries at Bangor, in Caernar- 
vonshire, which supply all parts of the United Kingdom. 
Another kind of slate, of a pale blue-green color, is used, 
and most esteemed, being brought from Kendal, in West- 
moreland, called Westmoreland slates. These slates are 
not large ; but of good substance, and well calculated to 
give a neat appearance to a roof. The Scottish slate, 
which assimilates in size and quality to a slate from Wales 
allied ladiesj is in little repute. 

The slates produced in this country are principally from 
the quarries in the State of Vermont. In point of dura- 
bility they are equal to the Welsh slates, but have not 
that uniformity of color which distinguishes the laUer. 

The height of roofs at the present time is very rarely 
above one-third of the span, and should never be less 
than one-sixth. The most usual pitch for slates is that 
when the height is one-fourth of the span, or at an angle 
of 26^ degrees with the horizon. Taking this is a stand- 
ard, the following table will show the degree of inclina- 
tion, which may be piven for other materials. 
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The dofMes are made from fragments of the larger 
kinds, and derive their name from their diminutive oze. 
Lcidies are similarly obtained. Countesses are a gradar 
lion above ladies ; and Duchesses above countesses. 

Slate, like most either stony substances, is separated 
from its bed by the ignition of gunpowder. The blocks 
thus obtained, are, by the application of wedges, reduced 
into layers, called scantlings, from four to nine inches 
in thickness, and of any required length and bre<'idth, 
which are afterwards sawn to the respective sizes by 
machinery. The blue, green, and purple, or darker 
kinds of slate, are, in general, found capable of being 
split into very thin laminae, or sheets ; but those of the 
white or brownish freestone kind, can seldom be sepa- 
rated or divided so fine ; consequently, these last form 
heavy, strong thick coverings, proper for buildings in 
exposed situations, such as barns, stables, and other out- 
bourses. 

The instruments used in splitting and cleaning slates, 
are slate-knives, axes, bars, and wedges ; the three first 
being used to reduce the slates into the required thick- 
nesses, and the last to remove the inequalities from the 
surface. 

Imperial slating is particularly neat, and may be 
known by having its lower edge sawn ; whereas all other 
slates used for covering are chipped square on their edges 
only. 

Patent slate was first brought into use by Mr. Wyalt, 
the architect; but a palest was never obtained. It de- 
rives its name from the mode adopted to lay it on the 
roofs ; it may be laid on a rafter of much less elevation 
than any other, and is considerably lighter, by reason of 
the laps being lesH than is necessary for the common 
sort of slating. This slating was originally made from 
Welsh rags ; but it is now very frequently made from 
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Jmperiats^ wMch render it U^ter, and also somewhat 
neater in appearance. 

Westmoreland alaie, from the experiments made by 
the late Bishop of Landaff, appears to differ a little in its 
natmral composition from that obtained from Wales. It 
must, however, be remarked, that this kind of slate owes 
its lightness, not so much to any diversity in the compo- 
nent parts of the stone, as tojhe thinness to which it is 
reduced by (he workman ; consequently, it is not so well 
calculated to resist violent winds as those which are 
heavier. 

Slates, when brought from the quarry, are not suf- 
ficiently square for the slater's use ; he therefore picks up 
and examines the slates separately, and observes which 
is the strongest and squarest end ; then, seating himself, 
he holds the slate a little slanting upon, and projecting 
about an inch over the edge of a small block of wood, 
which is of the same height as his seat, and cuts away 
and makes straight one of its edges ; then, with a slip of 
wood, he gauges, and cuts off the other edge parallel to 
it, and squares the end. The slate is now considered 
prepared for use, with the exception of perforating 
through its opposite ends two small holes, for the recep- 
tion of the nails which are to confine it to the roof. 
Copper and zinc nails, or iron nails tinned, are considered 
the best, being less susceptible of oxidation than nails 
made of bar iron. 

Before we proceed further with the operations neces- 
sary in the slating of buildings, we shall give some 
account of the tools used by this class of artificers. 

Slaters' tools are very few, which sometimes are found 
by the masters, and sometimes by the men. The tool 
called the saixe, is made of tempered iron, about sixteen 
inches in width, somewhat bent at one end, with a handle 
of wood at the other. This tool is not unlike a large 
knife, except that it has on its back a projecting piece 
of iron, about three inches in length, drawn to a sharp 
point This tool is used to chip or cut all the slates to 
the required sizes. 

The ripper is also of iron, about the same length as the 
saixe ; it has a very thin blade, about an inch and three 
quarters wide, tapered somewhat towards the top, where 
a round head projects over the blade about half an inch 
on each side ; it has also two little round notches in the 
two internal angles at their intersections. The handle 
of this tool is raised above the blade by a shoulder, which 
enables the workman to hold it firm. This instrument 
is used in repairing old slating, and the application con- 



sists in thrasting the Made under the states, so that the* 
bead, which projects, may cateh the nail iif^ the littlei 
notch at its intersection, and enable the workman to draw 
it out. During this operation the slaie is sufficiently 
loosened to aUow of its being removed> and another in- 
serted in its place. 

The hammer J which is somewhat different in shape to 
the ordinary tool of that name, is about five inches in 
height on the hammer or driving part, and the top is bent 
back, and ground to a tolerably sharp point, its lower or 
flat end, which is quite round, being about three quarters 
of an inch in diameter. Ou this side of the driving part 
is a small projection, with a notch in the centre, which is 
used as a claw to extract such nails as do not drive 
satisfactorily. 

The shaving tool \s used for getting the slates to a 
smooth face for skirtings, floors for balconies, &c. It 
consists of an iron blade, sharpened at one of its ends like 
a chisel, and morticed through the centre of two round 
wooden handles, one fixed at one end, and the other 
about the middle of the blade. The blade is about ebven 
inches long, and two inches wide, and the handle is about 
ten inches long, so that they project about four inches 
on each side of the blade. In using this tool, the work- 
man places one hand on each side of the handle that is 
in the middle of the blade, and allows the other to press 
against both his wrists. In this manner he removes all 
the uneven parts from off the face of the slate, and gets 
it to a smooth surface. 

The other tools used by the slater consist of chisels, 
gouges, and files of all sizes ; by means of which he 
finishes the slates into mouldings and other required forms. 

In slating roofs, it is necessary to form a base or floor 
for the slates to lay compactly and safely upon ; for 
dmtbles and ladies, boarding is required, which must be 
laid very even with the joints close, and properly secured 
by nails to the rafters. This being completed, the slater 
provides himself with several slips of wood, called iiltinff 
fillets^ about ten iches and a half wide, and three quar- 
ters of an inch thick on one edge, and chamferred to an 
arris on the other, which he nails down all round the 
extreme edges of the roof, beginning with the hips, if 
any, and if not, with the bide^, eaves, and ridge. He 
next selects the largest of the slates, and arranges them 
regularly along the eaves with their lower edges to a line, 
and nails them to the boarding. This part of the work 
being completed, he takes other slates to form the bond 
to the under sides of the eaves, and places them under 
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those previously laid, so as to cross and cover all (heir 
joints. Such slates are pushed up lightly under those 
which are above them, and are seldom nailed, but left 
dependent for support on the weight of those above 
them, and their own weight on the boarding. The catm- 
tesses and all other descriptions of slates, when intended 
to be laid in a good manner, are also laid on boards. 

When the slater has finished the eaves, he strains a 
line on the face of the upper slates, parallel to its outer 
edge, and as far from it as he deems sufficient for the lap 
of those he intends shall form the next course, which is 
laid and nailed even with the line, crossing the joints of 
the upper slates of the eaves. This lining and laying is 
continued close to to the ridge of the roof, observing 
throughout to cross the different joints, by laying the 
slates one above another. The same system is univer- 
sally followed in laying all the different sorts of slates, 
with the exception of those called patetit slates^ as are 
hereafter explained. 

The largest kind of slates are found to lay firm on 
battens, which are, consequently, much employed, and 
produce a very considerable saving of expense in large 
buildings. A batten is a narrow portion of board, about 
two inches and a half or three inches wide ; four of 
them being commonly procured from an eleven inch 
board. 

For countess slates, battens three quarters of an inch 
thick, will be of adequate substance : but for the larger 
and heavier kinds, inch battens will be necessary. In 
battening a roof for slates, the battens are not placed at 
a uniform distance from each other, but so as to suit 
the length of the slates ; and as these vary as they ap- 
proach the apex, or ridge of the roof, it follows that the 
slater himself is the best judge where to fix them, so as 
best to support the slates. 

A roof, to be covered with patent slates, requires that 
the common rafters be left loose upon their purlines, as 
they must be so arranged that a rafter shall lie under 
every one of the meeting joints. Neither battening nor 
boarding is required for these slates. The number of 
rafters will depend on the width of the slates ; hence if 
they be of a larger size, very few will suffice. This kind 
of slating is likewise commenced at the eaves ; but no 
crossing or bonding is required, as the slates are laid 
uniformly, with each end reaching to the centre of the 
rafter, and butted up to each other throughout the length 
of the roof. When the eaves-course is laid, the slates 
which compose it are screwed down to the rafters by 



two or three strong inch and half screws at each of their 
ends. A line is then strained about two inches below 
the upper edge, in order to guide the laying of the next 
course, which is laid with its lower edge touching the 
line. This lining, laying with a lap, and screwed down, 
is continued till the roof is completely covered. The 
joints are then secured by filleting, which consists in cov- 
ering all the meeting-joints with fillets of slate, bedded 
in glazier's putty, and screwed down through the whole 
into the rafters. The fillets are usually about three 
inches wide, and of a length proportionate to that of the 
slates, whose joints they have to cover. These fillets 
are solidly bedded in the puUy, and their intersecting 
joints are lapped similar to those of the slates. Thei 
fillets being so laid, and secured by one in the middle of 
the fillet and one in each lap, are next neatly pointed all 
round their edges with more putty, and then painted over 
with the color of the slate. The hips and ridges of such 
slating are frequently covered by fillets, which produce 
a very neat effect ; but lead, which is not much dearer, 
is by far the best kind of covering for all hips and ridges. 
The patent slating may be laid so as to be perfectly water 
tight, with an elevation of the rafters considerably less 
than for any other slate or tile covering. The rise in 
each foot of length in the rafter is not required to be 
more than two inches, which, in a rafler of fifteen feet, 
will amount to only two feet six inches : a lise scarcely 
perceptible from the ground. 

Slating is performed in several other ways, but the 
principles already explained embrace the most of them. 
Some workmen shape and lay their slates in a lozenge 
form. This kind of work consists in getting all the slates 
to a uniform size, of the shape of a geometrical square. 
When laid on the roof, which must be boarded, they are 
bonded and lapped as in common slating, observing only 
to let the elbow, or half of the square, appear above each 
slate that is next beneath it, and be regular in the courses 
all over the roof. One nail or screw only can be used 
for such slating ; hence it soon becomes dilapidated. It 
is commonly employed in places near to the eye, or 
where particular neatness is required. 

It has been ascertained j that a slate one inch thick will, 
in a horizontal position, support as much, in weight, 
as five inches of Portland stone similarly suspended. 
Hence slates are now wrought and used in galleries, and 
other purposes, where it is essential to have strength and- 
lightness combined. Slates are also fashioned into chim- 
ney pieces ; but are incapable of receiving a polish lik« 
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marble. It makes excellent skirtiDgs of all descriptions, 
as well as casings to walls, where dilapidations or great 
wear and tear are to be expected. For these purposes, 
it is capable of being fixed with joints, equally as neat as 
wood ; and may, if required, be painted over so as to 
appear like it. Staircases may also be executed in slate, 
which will produce a resemblance of marble. 



PLUMBING. 

Plumbing is the art of casting and working in lead, 
and using the same in the covering, and for other pur- 
poses in building. 

To the plumber is also confided the pump-work, as 
well as the making and forming of cisterns and reservoirs, 
large or small closets, &c. for the purposes of domestic 
economy. The plumber does not use a great variety of 
tools, because the ductility of the metal upon which he 
operates does not require it. 

The tools used, c(»)sist of an iron hammer, rather 
heavier than a carpenter's, with a short thick handle; two 
or three wooden mallets of different sizes ; and a dress- 
ing and flatting tool. 

This last is of beech, about eighteen inches long, and 
two inches square, planed smooth and flat on the under 
surface, and rounded on the upper, and one of its ends 
tapered off round as a handle. With this tool he 
stretches out and flattens the sheet lead, or dresses it to 
the shape required, using' first the flat side, then the round 
one, as occasion may require. 

The plumber has also occasion for a jack and trying 
plane, similar to that of the carpenter. 

With this he reduces the edges of sheet-lead to a 
straight line, when the purposes to which it is to be ap- 
plied require it. 

His cutting tools consist of a variety of chisels and 
gouges as well as knives. 

Tlie latter of these are used for cutting the sheet-lead 
into slips and pieces after it has been marked out by the 
chalk line. 

Files of different sizes ; ladles of three or four sizes, 
for melting the solder ; and an iron instrument called 
grazing irons. 

These grozing-irons are of several sizesi generally 
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about twelve inches in length, tapered at both ends, the 
handle end being turned quite round, to allow of its being 
firmly held while in use : the other end is a bulb of a 
spindle, or spherical shape, of a size proportioned to the 
soldering intended to be executed. They are, when re* 
quired for use, heated to redness. 

The plumber's measuring rule is two feet in length, 
divided into three equal parts of eight inches each ; two 
of its legs are of box-wood, duodecimally divided ; and 
the third consists of a piece of slow-tempered steel, 
attached to one of the box legs by a pivot on which it 
turns, and falls, when not in use, into a groove cut in such 
leg for its reception. This steel leg can be passed into 
places where the others cannot enter ; and it is also use- 
ful for occasionally removing the oxide or any extraneous 
matters from the surface of the heated metal. 

Scales and weights are also necessary ; and he must 
be supplied with centre-bits of all sizes, for the purpose 
of making perforations in lead or wood, through which 
he may want to insert pipes, &c. Compasses, to strike 
circular pieces, to line or cover figures of that shape, are 
occasionally required. 

Lead is obtained from ore, and, from its being gen- 
erally combined with sulphur, it has been denominated 
' sulphuret.^' After the ore has been taken from its bed 
it is smelted, first being picked, in order to separate the 
unctions and rich, or genuine ore from the stony. matrix, 
and other impurities ; the picked ore is then pounded 
under stampers worked by machinery, and afterwards 
washed to carry off the remainder of the matrix, which 
could not be separated in picking. It is next put into a 
reverbatory furnace, to be roasted ; during which opera- 
tion, it is repeatedly stirred, to facilitate the evaporation 
of the sulphur. When the surface begins to assume the 
appearance of a paste, it is covered with charcoal, and 
well shaken together : the fire is then increased, and the 
purified lead flows down on all sides into the basin of the 
furnace, whence it runs off into moulds prepared for its 
reception. The moulds are capable of receiving 154 lbs. 
of lead each, and their contents, when cool, are, in the 
commercial world, called pigs. 

Lead is of a bluish-white color, and when newly 
melted, or cut, is quite bright; but it soon becomes 
tarnished on exposure to the atmosphere ; assuming first 
a dirty grey color, and afterwards becomes white. It is 
capable of being hammered into very thin plates, and 
may be drawn into wire ; but its tenacity is very inferior 
to Uiat of other metals ; for a leaden wire, the hundred 
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and twentieth part of an inch in diameter, i only capa- 
ble of supporting about 18 lb. without breaking. Lead, 
next to tin, is the most fusible of all metals ; and if a 

stronger heat be applied, it boils and evaporates. If 

I 

cooled slowly, it crystallizes. The change of its external 
color is owing to its gradual combination with oxygen, 
which converts its exterior surface into an oxyd. This 
outward crust, however, preserves the rest of the metal 
for a long time, as the air can penetrate but very 
slowly. 

Lead is not acted upon immediately by waler, though 
that element greatly facilitates the action of the air upon 
it : for it is known that, when lead is exposed to the 
atmosphere, and kept constantly wet, the process of oxi- 
dation takes place much more rapidly than t docs under 
other circumstances : hence the white crust that is to be 
observed on the sides of leaden vessels containing water, 
just at the place where the surface of the water termi- 
nates. 

Lead is purchased by plumbers, in pigs, and they 
reduce it into sheets or pipes, as they have occasion. 
Of sheet lead they have two kinds, cast and milled. The 
former is used for covering flat roofs of buildings, laying 
of terraces, forming gutters, lining reservoirs, <kc. ; and 
the latter, which is very thin, for covering the hips and 
fidges of roofs. This last they do not manufacture 
themselves, but purchase it of the lead merchants, ready 
prepared. 

For the casting of sheet lead, a copper is provided, 
and well fixed in masonry, at the upper end of the work- 
shop, near the mould or casting table, which consists of 
strong boards, well jointed together, and bound with bars 
of iron at the ends. The sides of this table, of which 
the shape is a parallelogram, vary in size from four to six 
feet in width, and from sixteen to eighteen feet and 
upwards in length, and are guarded by a frame or edging 
of wood, three inches thick and four or five inches higher 
than the interior surface, called the shafts. This table 
is fixed upon firm legs, strongly framed together, about 
six or seven inches lower than the top of the copper. 
At the upper end of the mould, nearest the copper, is a 
box, called the pan, which is adapted in its length to the 
breadth of the table, having at its bottom a long horizon- 
tal slit, from which the heated metal is to issue, when it 
has been poured in from the copper. This box moves 
upon rollers along the surface of the rim of the table, 
and is put in motion by means of ropes and pulleys, 
fixed to beams above. While the metal is melting) the 



surface of the mould, or table, is prepared by covermg 
it with a stratum of dry and clean sand, regularly 
smoothed over with a kind of rake, called a ^/riAre, which 
consists of a board about five inches broad, and rather 
longer than the inside of the mould, so that its endsy 
which are notched about two inches deep, may ride upon 
the shafts. This being passed down the whole length of 
the table, reduces the sand to an uniform surface. The 
pan is now brought to the head of the table, close to the 
copper, its sides having previously been guarded by a 
coat of moistened sand, to prevent its firing from the 
heat of the metal, which is now put in by ladles from the 
copper. 

These pans or boxes, it must be observed, are made 
to contain the quantity of melted lead which is required 
to cast a whole sheet at one time ; and the slit in the 
bottom is so adjusted as to let out, during its progress 
along the table, just as much as will completely cover it 
of the thickness and weight per foot required. Every 
thing being thus prepared, the slit is opened, and the box 
moved along the table, dispensing its contents from the 
top to the bottom, and leaving in its progress a sheet of 
lead of the desired thickness. When cool the sheet is 
rolbd up and removed from the table, and other sheets 
are cast, till all the metal in the copper is exhausted. 
The sheets thus formed are then rolled up and kept for 
use. 

In some places, instead of having a square box upon 
wheels, with a slit in the bottom, the pan consists of a 
kind of trough, being composed of two planks nailed 
together at right angles, with two triangular pieces fitted 
in between them, at their ends. The length of this pan, 
as well as that of the box, is equal to the whole breadth 
of the mould. It is placed with its bottom on a bench 
at the head of the table, leaning with one side against it: 
to the opposite side is fixed a handle, by which it may be 
lifted up in order to pour out the liquid metal. On the 
side of the pan next the mould are two iron hooks, to 
hold it to the table, and prevent it from slipping while the 
metal is being poured into the mould. 

The mould, as well as the pan, is spread over, about 
two inches thick, with sand sifted and moistened, and 
rendered perfectly level by moving over it the strike, and 
smoothing it down with a plane of polished brass, about 
a quarter of an inch thick, and nine inches square, turned 
up on the edges. 

Before they proceed to casting the lead, the strike is 
made ready by tacking two pieces of old hat on the 
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DOCches, or by covering the notched with leather cases, 
80 as to raise the under side of the strike, about an eiglith 
of an inch or more, above the sand, according to the 
proposed thickness of the sheet. The face or under side 
of the strike is then smeared with tallow, and laid across 
the breadth of the mould, with its ends resting on the 
shafts. The mehed lead is then put into the pan with 
ladles ; and, when a sulTicient quantity has been put in. 
the scum is swept off with a piece of board, and suffered 
to settle on the coat of sand, to prevent its falling into the 
mould, when the metal is poured out. It generally hap- 
pens, that the lead, when first taken from the copper, is 
too hot for casting ; it is therefore suffered to cool in the 
pan, till it begins to stand with a shell or wall on the 
sand with which the pan is lined. Two men then take 
the pan by the handle, or one of them takes it by means 
of a bar or chain fixed to a beam in the ceiling, and ^ 
turn it down, so that the metal runs into the mould : 
while another man stands ready wnth the strike, and, as 
soon as all the metal is poured in, sweeps it forward 
and draws the residue into a trough at the bottom, which 
has been prepared to receive it The sheet is then rolled 
up, as before. 

In this mode of operation, the table inclines in its 
length about an inch or an inch and a half, in the length 
of sixieen or seventeen feel, or more, according to the 
required thickness of the sheets : the thinner the sheet 
the greater the declivity ; and vice versa. The lower 
end of the mould is also left open, to admit of the super- 
fluous metal being thrown off. 

When a cistern is to be cast, the size of the four sides 
is measured out ; and the dimensions of the front having 
been taken, slips of wood, on which the mouldings are 
carved, are pressed upon the sand. Figures of birds, 
beasts, &c. are likewise stamped in the internal area, by 
means of leaden moulds. If any part of the sund has 
been disturbed in doing this, it is made smooth, and the 
proces:^ of casting goes on as for plain sheets ; except 
that instead of rolling up the lead when cast, it is bent 
into four sides, so that the two ends, when they are 
soldered together may be joined at the back : the bottom 
is afterwards soldered up. 

The lead which lines the Chinese tea-boxes is reduced 
to a thinness which our plumbers cannot, it is said, ap- 
proach. The following account of the process was com- 
municated by an hiteliigeni East-Indian, in a letter which 
appeared in the Gentleman's Magazine. 'The caster 
sits by a pot, containing the melted metal, and has two 



large stones, the lower one fixed and the upper one 
moveable, having their surfaces of contact ground to each 
other, directly before him. He raises the upper stone 
by pressing his foot upon its side, and with an iron ladle 
pours into the opening a sufiicient quantity of the fluid 
metal. He then lets fall the upper stone, and thus forms 
the lead into an extremely thin and irregular plate which 
is afterwards cut into its required form.' 

Cast sheet-lead, used for architectural purposes, is 
technically divided into 6 lb. 5^ lb. 6 lb. 6j lb. 7 lb. 
7^ lb. 8 lb. and 8^ lb.: by which is understood, that 
every superficial foot b to contain those respective 
weights, according to the price agreed upon. 

The milled lead used by plumbers is very thin, sel- 
dom containing more than 6 lb. to the foot. It is by 
no means adapted to gutters or terraces, nor, indeed, to 
any part of a building that is much exposed either to 
great wear or to the effects of the sun's rays : in the 
former case, it soon wears away ; in the latter, expands 
and cracks. It is laminated in sheets of about the same 
size as those of cast lead, by means of a roller, or flat- 
ting-mill. 

Lead-pipes are sometimes made of sheet-lead, by 
beating it on round wooden cyUnders of the length and 
dimensions required, and then soldering up the edges. 

Solder is used to secure the joints of work in lead, 
which by other means would be impossible. It should 
be easier of fusion than the metal intended to be soldered, 
and should be as nearly as possible of the same color. 
The plumber therefore uses, what is technically called 
soft solder, which is a compound of equal parts of tin 
and lead, mehed together and run into moulds. In this 
state it is sold by the manufacturer by the pound. 

In the operation of soldering, the surfaces or edges 
intended to be united are scraped very clean, and brought 
close up to each other, in which state they are held by 
an assistant while the phmiber applies a little resin on 
the joints, in order to prevent the oxidation of the metal. 
The heated solder is then brought in a ladle and poured 
on the joint ; aller which it is smoothed and finished by 
rubbing it about with a red-hot soldering iron ; when com- 
pleted, is made smooth by filing. 

In the covering of roofs or terraces with lead, (the 
sheets, never exceeding six feet in breadth,) it becomes 
necessary in large surfaces, to have joints; which are 
managed several ways, but in all, the chief object is to 
have them water-tight. The best plan of effecting this, 
is to form laps or roll joints, which is done by having a 
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roU, or strip of wood, about two inches square, but 
rounded oo its upper side, nailed under the jdnts of the 
sheets, where the edges lap over each other ; one of these 
edges is to he dressed up over the roll on the inside, and 
the other is to be dressed over them boih on the outside, 
by which means the water is prevented from penetrating. 
No other fastening is requisite than what is required from 
the hammering of the sheets together down upon the flat; 
.Dor should any other be resorted to when sheet-lead is 
exposed to the vicissitudes of the weather; because it 
expands and shrinks, which, if prevented by too much 
fastening, would cause it to crack and become useless. 
It sometimes, however, occurs, that rolls cannot be used, 
and then the method of joining by seams is resorted to. 
This consists in simply bending (he approximate edges 
of the lead up and over each other, and then dressing 
them down close to the flat, throughout their length. 
But this is not equal to the roll, either for neatness or 
security. 

Lead flats and gutters should always be laid with a 
current, to keep them dry. About a quarter of an inch 
to the foot is a sufficient inclination. 

In laying gutters, &c., pieces of milled lead, called 
flushing, about eight or nine inches wide, are fixed in the 
walls, all round the edges of the sheet lead, with which 
the flat is covered, and are suffered to hang down over 
them, so as to prevent the passage of rain through the 
interstice between the raised edge and the wall. If the 
walls have been previously built, the mortar is raked out of 
the joint of the bricks next above the edge of the sheet, 
and the flushings are not only inserted into the crack at 
the upper sides, but their lower edges are likewise dressed 
over those of the lead in the flat, or gutter. When 
neither of these modes can be resorted to^ the flushings 
are fastened by wall-hooks, and their lower edges dressed 
down as before. 

Drips in flats, or gutters, are formed by raising one 
part above another, and dressing ihe lead, as already 
described, for covering the rolls, l^hey are resorted to 
when the gutter or flat exceeds the length of the sheet ; 
or soiTieiimes for convenience. They are also an useful 
expedient to avoid soldering the joints. 

Sheet-lead is aisi) used in the lining of reservoirs, 
which are wade either of wood or masonry. As these 
conveniences are seldom in ^^^ces subject to material 
chan^^es of temperature, recourse may be had to the 
soldering without fear of its damaging the work, by pro- 
moting a disposition to crack. 



The pumps which come under the province of the 
plumber, are confined generally to two or three kinds 
used for domestic purposes, of which the suction and 
lifling pumps are the chief: these, as well as water 
closets, are manufactured by a particular set of workmen, 
and sold to the plumber, who furnishes the lead pipes, 
and fixes them in their places. 

Plumber's work is generally estimated by the pound, 
or hundred weight ; but the weight may be discovered 
by measurement in the following manner: sheet^lead 
u^ in roofing and guttering is commonly between seven 
and twelve pounds to the square foot ; but the following 
table exhibits the particular weight of a square foot for 
each of the several thicknesses. 



TUeknMi. 
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7.373 


.18 


10.618 


.13 


7.668 


.19 


11.207 


.14 


8.258 


i 


11.797 


+ 


8.427 


.21 


12.387 



In this table the thickness is set down in tenths and 
hundredths, &c.of an inch ; and theannexed correspond- 
ing numbers are the weights in avoirdupois pounds and 
thousandth part of a pound ; so that the weight of a 
square foot of one tenth of an inch thick, 10-lOOths, is 
5 lbs. and 899 thousandth parts of a pound ; and the 
weight of a square foot l-9th of a inch in thickness, is 
5 pounds and 554 thousandths of a pound. Leaden 
pipe of an inch bore, is commonly 13 or 14 lbs. to the 
yard in length. 



GLAZING. 

The business of this class of artificers consists in cut- 
ting glass into sashes and casements. Glaziers' work 
may be classed under three distinct heads, sash-work, 
lead-work, and fret-work. 

The tools requisite for the performanceis of the first of 
these departments are, a diamond, a ranging lath, a short 
lath, a square, a rule, a glazing-knife, a cutting chisd, a 
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beading hammer, duster and sash-tool ; and in addition 
for slopping in squares, a hacking-knife and hammer. 

The diamond is a speck of that precious stone, polished 
to a cutting point, and sel in brass on an iron socket, to 
receive a wooden handle, which is so set as to be held 
in the hand in the cutting direction. The top of the 
handle goes between the root of the fore-finger and the 
middle-finger, and the hinder part between the point of 
the fore-finger and tiunnb ; there is, in general, a notch 
in the side of the socket, which should be held next to 
the lath. Some diamonds have more cuts than one. 
Plouuh diamonds have a square nut on the end of the 
socket, next the glass, which, on running the nut square 
on the side of the lath, keeps it in the cutting direc- 
tion. , 

Glass grinders have these plough diamonds without 
long handles, as, in cutting their curious productions, 
they cannot apply a lath, but direct them by the point of 
their middle-finger, gliding along the edge of the glass. 

The ranging lath must be long enough to extend rather 
beyond the boundary of the table of glass. 

Ranging of glass is the cutting it in breadths as the 
work may require, and is best done by one uninterrupted 
cut from one end to the other. 

The square is used in cutting the squares from the 
range, that they may with greater certainty be cut at right 
angles. The glazing-knife is used for laying in the putty 
in the rabbets of the sash, for binding in the glass, and 
for finishing the front putty. 

Of the glass used in building, three qualities are in 
common use, denominated, best, second, and third. 

The best is that which is the purest metal and free of 
blemishes, as blisters, specks, streaks, <fcc. ; the second is 
inferior, from its not being so free from these blemishes; 
and the third is still inferior, both in regard to quuhty and 
color, being of greener hue. 

They are sold at the same price per crate; but the 
number of tables varies according to the quality. Best 
twelve, second fifteen, and third eighteen tables. 

These tables are circular when manufactured, and 
about four feet in diameter, having in the centre a knot, 
to which, in the course of the process, the flashing rod 
was fixed ; but for the safety of carriage, and conveni- 
ence of handling as well as utiUty in practice, a segment 
is cut off about four niches from the knot. The large 
piece with the knot still retains the name of table; the 
smaller piece ^is technically called o slab. From these 
tables being of a given rize, it is reasonable to suppose 
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that, when the dimensions of squares are such as cut the 
glass to waste, the price should be advanced. 

A superior kind of glass may be obtained at some of 
the first houses in London, which is very flat and of large 
dimensions ; some of it being 2 feet 8 inches by 2 feet 
1 inch ; these are sold only in squares. 

Rough glass is well adapted to baths, and other places 
of privacy; one side is ground with emery or sand, so 
that no objects can be seen through it, though the light 
be still transmitted. 

The glass called German-sheet, is of a superior kind, 
as it can be had of much larger dimensions than common 
glass; it is also of a purer substance, and for these 
reasons, is frequently appropriated to picture frames. 
Squares may be had of the astonishing size of 3 feet 8 
inches by 3 feet 1 inch, and 4 feet 10 inches by 2 feet 
8 inches, and under. 

The glass is first blown in the form of a globe, and 
afterwards flatted in a furnace, in consequence of which 
it has a very forbidding appearance from the outside, the 
surface being uneven. 

Plate gliiss is the most superior in quality, substance, 
and flatness, being cast in plates, and polished. The 
quantity of metal it contains must be almost, if not 
altogether, colorless ; that sort which is tinged being of 
an inferior quality. Plate gla^^g, when used in sashes, is 
peculiarly magnificent ; and it can be had of larger di- 
mensions than any other kind of glass. 

Stained glass is of different color^ as red, orange, yel- 
low, green, blue, and purple. 

These colors are fixed by burning, and are as durable 
as the glass. 

In this country, window glass is used of various sizes, 
from 7 inches by 9 inches to 12 by 20 inches. It is 
packed by the manufacturers in boxes, containing 50 or 
100 square superficial feet. There are many manufacto* 
ries of this article in the United States, which usually 
produce glass of good quality ; but the reputation of Bos* 
ton crown glass stands decidedly higher than of any other, 
either of foreign or domestic manufacture. 

Plate glass is not munufactured in this country. The 
<New England Company,' in Boston, manufacture 
stained glass in a style not surpassed in Europe. 

Glass can be bent to circular sweeps, which is much 
used in London &>r shop windows, and is carried to 
great perfection in covers, for small pieces of statua- 
ary, &c. 

The application of stained glass to ibe purposes of 
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glfizing k called fret-w&rk. This description of work 
consists of working ground and stained glass, in fine lead, 
into different patterns. In many caaes, family arms and 
other devices are worked in it. It is a branch capable 
of great improvement, but at present is much neglected. 
Old pieces are very much esteemed, though the same 
expense would furnish elegant modern productions. They 
are placed in halls and staircase windows, or in some 
particular church windows. In many instances they are 
introduced where there is an uopleasant aspect, in a place 
of particular or genteel resort. 

Lead-work is ui^ed in inferior offices, and is in general 
practice all through the country. Frames intended to 
receive tliese lights are made with bars across, to which 
the lights are fastened by leaden bars, called saddle bars, 
and where openings are wanted, a casement is introduced 
either of wood *or iron. Sometimes a sliding frame 
answers the same purposes. Church windows are gen- 
erally made in this manner, in quarries or in squares. 

The tools with which this work is performed are in 
addition to the foregoing, as follow \^^ 

A vice^ with dilTerent cheeks and cutters to turn out 
the different kinds of lead, as the magnitute of the win- 
dow or the squares may require. 

The German vices, whk^h are esteemed the best, are 
ftirnished with moulds, and turn out lead in a variety of 
'sizes. The bars« of lead cast in these vices are received 
by the mill which turns them out with two sides parallel 
lo each other, arid about f of an inch broad, with a par- 
tition connecting the two sides together, about I of an 
inch wide, formingr on each side a groove, nearly f by ^ 
of an inch, and about 6 feet long. 

Besides a vice and moulds, there are a settinff-board 
laiterkiH, setling-knife^ resin 6<ur, tin, glazing irofis, 
and clips. 

The setting-board is that in which the ridge of the 
light is marked and divided into squares, struck out with 
a chalk line, or drawn with a lath, which serves to guide 
the workmen. Oue side and end is sqtiared with a pro- 
jecting bead or fillet 

The latterkin is a piece of hard wood pointed, to run 
in the groove of the lead, and widen it for the easier 
reception of the glass. 

The setting-knife consists of a blade with a round 
point, loaded with lead at the bottom, and terminating in 
a long sqiiare handle. The square end of the handle 
serves to force the square of gloss tight in the lead. All 
the intersections are soldered on both sides, except the 



outside joints of the outer sides ; thai is, where tliey come 
to the outer edge. These lights should be cemented by 
pouring thin paint along the lead bars, and filling up the 
chasms with dry whiting, to which, after the oil in the 
paint has secreted a little, a little more dry whiting, or 
white lead, must be added. This will dry hard, and 
resist the action of the atmosphere. 



PAINTING. 

Painting, as applied to purposes b{ building, is the 
application of artificial colors, compounded either with 
oil or water, in embellishing and preserving wood, d^ 

This branch of paintiag is termed econamica/y and 
applies more immediately to the power which oil and 
varnishes possess, of preventing the action of the atmos- 
phere upon wood, iron and stucco, by interposing an 
artificial surface; but it is here intended to use the term 
more generally, in allusion to the decorative part, and as 
it is employed by the architect, throughout every part of 
his work, both externally and internally. 

In every branch of painting in oil, the general pro- 
cesses are very similar, or with such variations only, as 
readily occur to the workman. 

The first coatings, or layers, if on wood or iron, ought 
always to be of ceruse or t^hite lead, of the best quality, 
previously groimd very fine in nut or linseed oil, either 
over a stone with a muller, or, as that mode is too 
tedious for large quantities, passed through a mill. If used 
on shutters, doors, or wainscotings, made of pine^ it is 
very requisite to destroy the effects of the knots ; which 
are generally so completely saturated with turpentine, as 
to render it, perhaps, one of the most difficult processes 
in thiii business. The best mode in conmion cases, is 
to pass a bru^h over the knots, with ceruse ground in 
water, bound by a size made of parchment or glue ; ^hen 
that is dry, paint the knots with white lead, groimd in 
oil, to which add some powerful siccative, or dryer, as 
red-lead, or htharge of lead ; about one part of the lat- 
ter. These must be laid very suKxHhly in the dtrectkvi 
of the grain of the wood. 

When the last coat is dry, smooth it with pumica- 
stone, or give it the first coat of p:\iiit, prepared or diluted 
with nut or linseed oil ; after which, when sufficiently 
dry, all the nail -holes or other irregularities on the sup- 
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fine mint be carefully stopped with a coitipoiition of oil 
and Spanish while, commonly known by the name or 
putty. The work must then be painted with white-lead 
and oil, somewhat diluted with the essence of oil of tur- 
pentine, which process shouL), if the work be intended to 
be left of a plain white or stone-color, be repeated not 
less than three or four times; and if of the latter color, 
a small quantity of ivory or lamp-Unck should be added. 
But if the work is to be finished of any other color, either 
grey, green, 6lc it will be requisite to provide for such 
color, after the third operation, particularly if it is to be 
finished flat, or as the painters style it, dead-white, grey, 
fawn, dec. In order to finish the work flatted or dead, 
which is a mode much to be preferred for all superior 
works, not only for its appearance, but also for preserv- 
ing the color and purity of the tint, one coat of the flat- 
ted color, or color mixed up with a considerable quantity 
of turpentine, will be found sufllicient ; although in large 
surfaces it will be frequently requisite to give two co;its 
of the flauing color, to make it quite complete. Indeed, 
on stucco it will be almost a general rule. 

1j) all the foregoing operations, it must be observed 
that some sort of dryer is absolutely requisite ; a very 
general and useful one is made by grinding in linseed, or 
perhaps, prepared oil^ boiled are better, about two parts 
of the best white copperas, which must be well dried 
with one part of litharge of lead : the quantity to be 
added will much depend on the dryness or humidity of 
the atmo!<phere, at the time of painting, as well as the 
local situation of the building. It may here be noticed, 
that there is a sort of cop|)erns made in England, and 
said to be used for some purposes in medicine, that not 
only does not nmA the operation of drying in the colors, 
but absolutely prevents these colors drying which would 
otherwise have done, so iu the absence of all this cop- 
peras. 

The best dryer for all fine whiles, and other delicate 
tints, is sugar of lead, ground in nut oil,' but being very 
active, a small quantity, al)out the size of a walnut, will 
be ^uflicient for twenty pounds of color, when the basis 
is while-lead. It will be always necessary to caution 
painters to keep their utensils, brushes, &c. very clean, 
as the color would otherwise soon become very foul, so 
as to destroy the surface of the work. If this should 
happen, the color must pass through a fine seive, or 
canvass, and the surface of the work be carefully rubbed 
down with sand-proper or pumice-stone ; the latter should 
be ground in water, if the paint be tender, or recently 



laid on. The above may snflfee as to painting on wood, 
either on inside or outside work, the former being seldom 
finished otherwise than in oil : four or five coats are 
genemlly sufficiefat. 

It does not appear that painting in oil can be service- 
able in stucco^ unless the walls have been erected a 
suflicient time to permit the mass of brick-work to have 
acquired a suflJcient degree of dryness. When stucco is 
on battened work, it may be painted over much sooner 
than when prepared on brick. Indeed, the greatest part 
of the art of paintjng stucco, so as to stand or wear well, 
consists in attending to these observations ; for whoever 
has observed the expansive power of water, not only in 
congelation, but also in evaporation, must be well aware 
that when it meets with any foreign body, obstructing its 
escape, as oil painting for instance, it immediately resists 
it, forming a number of vesicles or particles, containing 
an acrid lime-water, which forces off the layers of plaster, 
and frequently causes large defective patches, not easily 
to be eradicated. 

Perhaps in general cases, where persons are building 
on their own estates, or for themselves, two or three years 
are not too long to suffer the stucco to remain unpainted, 
though frequently, in speculative works, as many weeks 
are scarcely allowed to pass. 

The foregoing precautions being attended to, there can 
be no better mode adopted for priming, or laying on the 
first coat on stucco, than by linseed or nut-oil, lx)iled 
with dryers before mentioned ; taking care, in all cases 
not to lay on too much, so as to render the surface rough 
and irregular, and not more ihan the stucco will absorb. 
It should then be covered with three or four coats of 
while lead, prepared as described for painting or wain- 
scoting, allowing each coat '^uffipient time to dry hard. 
If time will permit, two or three days between each layer 
will be advautageous. When the stucco is intended to 
l>e finished in any given tint, as grey, light green, ^c^ 
it will then be proper, about the third coat of painting, 
to prepare the ground for such a tint, by a slight advance 
low^ards it. Grey is made with white lead, Prussian- 
blue, ivory-black, and lake ; sage-green, pea, and sea- 
greens, with white, Prussian-blue, and fine yellows; 
apricot and peach, with lake, white, and Chinese Vermil- 
lion : fine yellow fawn color, with burnt terra sienna, or 
umber and white; and olive-greens, with fine Prussian- 
blues, and Oxfordshire ochre. 

Distemper, or painting in water-colors mixed with 
size stucco or plaster, which is intended to be painted 
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in oil when finished, but not being sufficiently dry to 
receive the oil, may have a coating in water-colors, of any 
given tint required, in order to give a more finished ap- 
pearance to that part of the building. Straw-colors may 
be mode with French whites and ceruse, or white-lead 
and masticot, or Dutch pink. Greys, fuU, with some 
whites and refiners' verditer. An inferior grey may be 
made with blue-black, or bone-black and indigo. Pea- 
greens, with French green, Olympian green, &c. Fawn 
color, with burnt terra de sienna, or burnt umber and 
white, and so of any intermediate tint. The colors 
should all be ground very fine, and mixed with whiting 
and a size made with parchment, or some similar sub- 
stance. Less than two coats will not be sufficient to 



cover the plaster, and bear out with a uniform appear* 
ance. It must be recollected, that when the stucco is 
sufficiently dry, and it is desirable to have it painted in 
oil, the whole of the water-colors ought to be removed, 
which may be easily done by washing, and when quite 
dry, proceed with it after the direction given on oil paint- 
ing in stucco. 

If oil plastering has become disfigured by stains, or 
other blemishes, and if it be desired to have it painted 
in distemper, it is, in this case, advisable to give the old 
plastering, when properly cleaned off and prepared, one 
cout, at least, of white-lear^ ground in oil, and used with 
spirits of turpentine, which will generally fix old stains \ 
and when quite dry, take water-colors very kindly. 



BRIDGES. 



[Mr. Ithiel Town's improyement in the conitraction of Bridgeii being conndered preferable to any mode of bridge-building yet laid before the 
pablie, it has been thought beat, in this department of the work, to give his aiguments and description in his own words ; and to refer the reader 
to the Introduction for such additional facts and remarks, as has been thought necessaiy to lay before him, in order to give him a more perfect un- 
derstanding of this important branch of his professM>n.] 



PLATE 99. 

▲ DESCRIPTION OF ITHIEL TOWN's IMPROVEMENT IN 
THE CONSTRUCTION OF WOODEN AND IRON BRIDGES : 
INTENDED ASA GENERAL SYSTEM OF BRIDGE-BUILD- 
ING FOR RIVERS, CREEKS, AND HARBORS, OF WHAT- 
EVER KIND OF BOTTOMS, AND FOR ANY PRACTI- 
CABLE WIDTH OF SPAN OR OPENING, IN EVERY 
PART OF THE COUNTRY. 

To establish a general mode of constructing wooden 
and iron Bridges, and which mode of construction shall, 
at the same time, be the most simple, permanant, and 
economical, both in erecting and repairing, has been, for 
a long time a desideratum of great importance to a coun- 
try so extensive, and interspersed with so many wild and 
majestic rivers, as ours is. It has been too much the 
custom for architects and builders to pile together mate- 
rials, each according to his own ideas of the scientific 
principles and practice of Bridge-building, and the result 
has been, Ist. That nearly as many modes of constmo- 
tion have been adopted as there have been bridges built. 
2d. That many have answered no purpose at all, and 
others but very poorly, and for a short time, while most 

of the best ones have cost a sum which detem and puts 

44 



it out of the power of probably five-sixths of those inter- 
ested in ferries, to substitute bridges, which would obvi- 
ate the many dangers and delays incident to then*. 

That architects and builders adhere to their own ideas 
in the construction not only of bridges, but of buildings, 
is most universally true ; they are obstinately opposed 
to the adoption of any other mode than their own, con- 
sequently it is as true, and it is seen to be so, through- 
out the country, (and it is much to be regretted,) that 
in very few instances either in erecting bridges or build- 
ings, there is any model, either uniform, or, in general, 
very good. But in bridges and public buildings, it would 
seem, something better might be expected, if men scien- 
tifically and practically acquainted with such subjects, 
would step forward, in a disinterested manner, and de- 
termine between principles which are philosophical, and 
those which are not, and between modes of execution 
which are founded in practice and experience, aad those 
which are founded in ignorance and inexperience ; and 
in matters of taste, if they would determine in favor of 
classic and well-established taste, and that which is the 
ofifspring of unimproved minds and whimsical fancies, 
which are ever upon the rack to establish new things, 
the creation of Uieii own imaginations ; and which ara 
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therefore sore to be wrong, for this good reasoD) that their 
authors are so. 

Perhaps the following proposition comprises what is the 
most important io be determined with regard to a general 
system of Bridge-building, viz. 

By what construction or arrangement will the least 
quantity of materials, and cost of labor, erect abridge of 
any practicable span or opening between piers or abut- 
ments, to berthe strongest and most permanent, and to ad- 
mit of the easiest repair ? 

In giving the be^ answer to this proposition, which I 
am capable of, after a number of years' attention to the 
theory and practice of thb subject, I shall refer to Plate 
99. The mode of construction is so simple and plain to 
inspection, as to require little explanation of it. 

Fig. 1, is an elevation of one of the trusses of a 
bridge ; one, two, or three of those trusses placed verti- 
cally upon piers, are to be considered as the support of 
the bridge, and are to be of a height, at least, sufficient 
to admit a wagon to pass under the upper beams, which 
lie .horizontally upon the top string-piece ef the side 
trusses ; and on these same aide-string pieces, rest the feet 
o f rafters which form a roof to shingle upon. In this case, 
a middle truss is used, which will always be necessary in 
bridges ,of considerable width ; the height of it will be 
as much greater than the side ones as the height or pitch 
of the roof. The height of the trusses must be equal to 
the whole height of the bridge required, and is to be an 
exact continnation of the work represented in Fig. 1. 

The height of the trusses is to be proportioned to the 
width of the openings between the piers or abutments, 
and m^y be about one-tenth of the openings, when the 
piers are fifteen feet or more apart — a less span re- 
quiring about the same height, for the reasons before 
stated. , 

The diagonal bearing of these trusses b composed 
of sawed plank ten or eleven inches wide, and from their 
to three and a half inches thick ; it may be sawed from 
any timber that will last well, when kept dry. While 
pine and spruce are probably the best kinds of timber 
for the purpose, on account of their lightness, and their 
not being so subject to spring or warp as white oak. 

The nearer those braces are placed to each other, the 
more strength will the truss have, and in no case are 
they to be halved or gained, where they intersect each 
other ; but they are to stand in close contact, depending 
entirely on three or four trunnels, which go through each 
joint or intersection, and where the string-pieces pass 



over these joints the trunnels go through them also, and 
are each of them wedged at each end to keep the timber 
in close contact : a chain or clamp is necessary to bring 
the work tight together. 

Trunnels may be made of white oak, one and a balf 
inches in diameter. They are made very cheaply and 
excellently, by being rived out square, and driven while 
green or wet, through a tube fitted to a block and ground 
to an edge at the top end ; they are then to be seasoned, 
before they are used. 

The string-pieces are composed of two thicknesses of 
plank, of about the same dimensions as the braces, and 
they are so put together as to break joints as shown at 
Fig. 4. This renders long hewn timber unnecessary, 
as also any labor in making splices, and putting on iron 
work. 

For any span or opening, not exceeding one hundred 
and thirty feet, one string-piece at top and one at bottom 
of each truss, if of a good proportion and well secured, 
will be sufficient ; but as the span is extended beyond 
one hundred and thirty feet, two or more at top and 
bottom would be required, as sl>own in Fig. I, where 
two string-pieces run over the two upper and lower series 
of joists or intersections of the braces, and in wide spans 
the floor-beams may be placed on the second string-piece, 
as shown at Fig. 1. 

Fig. 6, shows on a larger scale how each joint is 
secured, by which it is seen that the trunnels take hold 
of the whole thickness of each piece. 

Fig. 4, is a section of a bridge of this construction, 
and shows the manner in which the braces and string- 
pieces come together, and also the manner of making the 
floor of the bridge, and of butting beams and braces 
over head, which are to be connected with the middle 
truss for the purpose of bracing the bridge against lateral 
rack or motion. Very flat pitched roofs will be prefera- 
ble, as it will, in that case, be a greater support to the 
upper part of the bridge. 

a a a a^ Fig. 1, show the elevation of the roof. 
Fig. 2, is the floor or plan of the bridge, showing the 
mode of bracing and the floor-joist. 

Fig. 4, is a view of the bottom or top edge of the 
string-piece, and shows how the joints are broke in 
using the plank, and also how the trunnels are dis- 
turbed. 

This mode of construction will have the same advan- 
tages in iron as in wood, and some in cast-iron which 
wood has not, viz. that of reducing the braces in sine 
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between the joinU| and of casting flaunches to them 
' vhere they intereect, thereby making it unnecessary to 
have more than one bolt and nut to each joint or inter- 
section. 

When it is considered that bridges, covered from 
the weather, will last seven or eight times as long as 
those not covered, and that the cheapness of this mode 
will admit of its being generally adopted, with openings 
or spans between piers composed of piles, and at a dis- 
tance of one hundred and twenty to one hundred and 
sixty feet apart, then the construction of long bridges 
over mud bottomed rivers, like those at Washington, 
Boston, Norfolk, Charleston, &c. will be perceived to 
be of great importance, especially as the common mode 
of piling is so exposed to freshets, uncomuion tides, 
drift wood, and ice, as not to ensure safety or economy 
in covering them, and consequently continual repairs 
and often rebuilding them, become necessary. There 
is very little, if any, doubt that one half of the expense, 
computing stock and interest, that would be required 
to keep up, for one hundred years, one of the common 
pile bridges, lil:e those at Boston, would be sufficient to 
maintain one built in this new mode, keep it covered, 
and have all or nearly all the piers built with stone at 
the end of the one hundred years. If this be the case, 
it would be great economy to commence rebuilding, by 
degrees, in this manner. The saving, in the one article 
of floor-planks, if kept dry, would be very great, as by 
being so much wet they rot and wear out in about half 
the time. 

For aqueduct bridges of wood or iron, no other 
mode can be as cheap or answer as well ; this mode 
has equal advantages also in supporting wide roofs of 
buildings, centres of wide arches in masonry, trussed 
floorings, partitions, sides of wood towers, steeples, d&c. 
&c. of public buildings, as it requires nothing more 
than common planks instead of long timber — being much 
cheaper, easier to raise, less subject to wet or dry rot, 
and requiring no iron work. 

Some of the advantages of constructing bridges ac- 
cording to this mode are the following : 

1. There is no pressure against abutments or piers, 
as arched bridges have, and consequently perpendicular 
supports only are necessary ; this saving in wide arches 
is very great, sometimes equal to a third part of the 
whole expense of the bridge. 

2. The shrinking of timber has little or no efiect, 
as the strain upon each plank of the trusses, both of the 



braces and string pieces, is an end-grain strain or length- 
wise of the wood. 

3. Suitable timber can be easily procured and sawed 
at common mills, as it requires no large or long tim- 
ber — defects in timl.er may be discovered, and wet and 
dry rot prevented ihuch more easily than could be in 
large timber. 

4. There is no iron work required, which at best is 
not safe, es^pecially in frosty weather. 

5. It has less motion than is common in bridges, and 
which is so injurious and frequently fatal to bridges — 
and being in a horizontal line, is much less operated upon 
by winds. 

6. A level road-way is among the most important 
advantages of this mode of construction. 

7. The side-trusses serve as a frame to cover upon, 
and thereby save any extra weight of timber, except the 
covering itself — and the importance and economy of 
covering bridges from the weather, is too well under- 
stood to need reommendation after the experience which 
this country has already had. 

8. Draws for shipping to pass through, may with per- 
fect safety be introduced in any part of the bridge, 
without weakening as in arched bridges, where the 
strength and safety of the arches depend so much on 
their pressure against each other and abutments, that a 
draw, by destroying the connection, weakens the whole 
superstructure. 

9. The great number of nearly equal parts or joints 
into which the strain, occasioned by a great weight upon 
the bridge, is divided, is a very important advantage 
over any other mode, as by dividing the strain or stress 
into so many parts, that which falls upon any one part 
or joint is easily sustained by it without either the mode 
of securing the joints, or the strength of the materials 
being sufiicient. 

10. The expense of the superstructure of a bridge 
would not be more than from one half (o two-thirds of 
other modes of constructing one over the same span or 
opening ; this is a very important consideration, espe- 
cially in the southern and western States, where there 
arQ many wide rivers, and a very scattered population to 
defray the expenses of bridges. 

11. This mode of securing the braces by so many 
trunnels, gives them much more strength when they are in 
tension-strain than could be had in the common mode 
of securing them by means of tenons and mortices ; for 
tenons being short, and not very thick, compared with 
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ibis mode, nor having so much hold of the pins or trun- 
nels as in this case, will, of course, have much less 
power to sustain a tension or pulling strain ; and it is 
obvious that this strain is in many cases equal to, and in 
others greater than, the thrust or pushing strain. It is 
also very obvious, that this pushing or thrust strain in the 
mode of tenons and mortices receives very little addi- 
tional strength from the shoulders of the tenons, as the 
shrinkage of the timber into which the tenon goes, is 
generally so much as to let the work .settle so far as to 
give a motion or vibration, which, in time, renders them 
weak and insufficient. 

12. Should any kind of arched bridge, for any reason, 
be preferred, however, it may he arched either at top or 
bottom, or both, still this same mode of combining the 
materials, will have all the advantages as to cheapness 
and strength, over the common ones of framing, as in 
the case of the horizontal or straight ones before de- 
scribed. In cases where abutments are already built, it 
may sometimes be preferred. 

Side-walks may with equal ease be constructed, either 
on the outside or inside of the main body of the bridge 
which particular, as also the great strength of the mode, 
Ac. may be beUer seen by examination of the models 
which are (or soon will be) placed in most of the prin- 
cipal cities of the United Slates, and no merit is either 
desired or claimed in this new mode of construction, by 
the patentee, which tlie mode itself does not command, 
even on the most strict philosophical investigation as to 
its mathematical principles, the easy, practicable, and 
advantageous application of matennis, the advantages it 
possesses in mechanical execution, and its simplicity, 
strength, economy and durabiiiiy, as a general and 
uniform mode of Bridge-building. 

Science and practice will, in a short time, decide on 
this question so important to this extensive country. 

I shall conclude this article by a few ideas, taken from 
the celebrated Robert Fulton's treatise on canal naviga- 
tion, page 117, and subsequent pages. 

In England, the attention of engineers hris of late years 
been much engaged on bridges of iron. These bridges, 
as experience produces courage, are progressively en- 
larging their dimensions, nor should I be surprised if 
genius should in time produce the mechanic rainbow of 
one thousand feet over wide and rapid rivers. In cross- 
ing the rivers in such countries as Russia and America, 
an extensive arch seems to be a consideration of the first 



importance, as the rivers or even rivulets, in time of rain 
suddenly swell to a great height, and in the spring, on 
breaking up of ice, the immense quantity which is borne 
down with a rapid stream would, if interrupted by small 
arches and piers, collect to such a weight as ultimately 
to bear away the whole. It is therefore necessary that 
in such situations, an arch should be extended as fer as 
possible, and so high as to suffer everything to pass 
through, or the inhabitants must, without some other 
expedient, submit their passage to the casualities of the 
weather. 

The important objection to bridges of wood is their 
rapid decay, and this objection is certainly well founded 
when particular situations are alluded to where timber 
is scarce, and consequently expensive. But in such 
countries as America, where wood is abundant, I conceive 
it will be a fair criterion to jifdge of their application by 
calculating on the expense of a bridge of stone, and one 
of wood, and then compare the interest of the principal 
saved in adopting the wood bridge, with the expense of 
its annual repairs. 

I have before exhibited the necessity of constructing 
bridges in America o^ an extensive span or arch, in 
order to suffer the ice and collected waters to pass with- 
out interruption ; and for this purpose it must be ob- 
served that a wood arch may be formed of a much 
greater length or span than it is possible to erect one of 
stone ; hence wooden bridges are applicable to many 
situations where accumulated waters, bearing down trees 
and fields of ice, would tear a bridge of stone from its 
foundation. 

It therefore becomes of importance to render bridges 
of wood as permanent as the nature of the material will 
admit. 

Hitherto, in bridges not covered from the weather, the 
immense quantity of mortices and tenons, w^hich, how- 
ever well done, will admit air and wet, and consequendy 
tend to expedite the decay of the weak parts, has been a 
material error in constructing bridges of wood. 

But to render wood bridges of much more importance 
than they have hitherto been considered — first, firom 
their extensive span ; secondly from their durability ; 
two things must be considered, first that the wood 
works should stand clear of the stream in every part, by 
which it never would have any other weight to sustain 
than I bat of the usual carriages ; secondl}'^, that it will be 
so combined as to exclude as much as possible the air 
and rain. 
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Wheu the true principle of building bridges of wood 
18 discovered, their progressive extension is as reasonable 
as the increased dimensions of shipping ; which, in early 
ages, was deemed a great work if they amounted to one 
hundred tons burthen ; but time and experience have 
extended the art of ship-building to two thousand tons, 
and in the combination and arrangement of the various 
and complicated parts, there certainly is more genius and 
labor required than in erecting a bridge of five hundred 
or one thousand feet span ; but the great demand for 
shipping has rendered their formation familiar, and their 
increased bulk has gradually grown upon our senses. 
But had a man, in the infancy of naval architecture, 
hinted at a vessel of two thousand tons, I am inclined to 
think his contemporary artists would have branded him 
as a madman. 



Note, 



Those who wish to purchase rights, and to obtain par- 
ticular directions for building bridges according to this 
improvement, will please to write to me at the City of 
"Washington, in the district of Columbia, where myself or 
an agent will at all times attend promptly to the business. 

ITHIEL TOWN. 



WATERLOO BRIDGE. 

PLATE 100. 

This bridge thrown over the river Thames, at London, 
was projected by Mr. George Dodd, about the year 
1805. Considerable time, however, elapsed before the 
ultimate arrangements necessary to carry it into execu- 
tion were made. The first act was obtained in the month 
of June, 1809, and incorporated the proprietors under 
the name of the ' Strand-bridge Company,' empowering 
them to raise the sum of £500,000 in transferable shares 
of £100 each ; and the further sum of £300,000, by the 
issuing new shares, or by mortgage, in ease it should be 
found necessary. In July, 181 3, a second act was passed 
enabling them to raise an additional sum of £200,000 ; 

and io July, 1816, a third act was obtained, granting the 
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company further powers, and changing the name from 
Strand-bridge to Waterloo-bridge, which name it now 
bears. 

Mr. Rennie, having been appointed engineer to the 
company on the 23d day of June, 1810, furnished two 
designs, one of seven and the other of nine arches, the 
latter of which was finally approved by the commitee 
and ordered to be put in execution. 

This noble bridge is situated about half way between 
the bridges of Blackfriars and Weatminster. The river 
at this place is about 1,326 feet wide at high water ; and 
ordinary springtides rise about 13 feet, and ordinary neap 
tides about 9 feet 6 inches. The greatest depth at low 
water is about 9 feet. The bed of the river is composed 
principally of a stratum of sand and gravel resting upon 
clay. 

The bridge is level, and consists of nine semi-elliptical 
arches, each having a span of 120 feet, and a rise of 35 
feet ; thus leaving for the navigation 30 feet of clear 
height above the high water of spring tides, and forming 
an ample water-way of 1,080 feet. The abutments are 
40 feet thick at the bases, and diminish to 30 feet at the 
springing of the arches. Their lengths, including the 
stairs, are 140 feet. The piers are 30 feet broad at the 
base, and diminish to two-thirds at the springing of the 
arches. Their lengths at the bases are 87 feet. The 
points or saliant angles, of the piers are in the form of a 
Gothic arch, and are terminated above by two three-quar- 
ter columns, supporting an entablature which forms a re- 
cess. The whole is surmounted with a baluster and a 
frieze and cornice of the Grecian Doric. Th" columns are 
Doric also, and were selected on account of the extraordi- 
nary strength of their proportions, as being t)est suited 
to a structure of this magnitude ; they are 23 feet 9 
inches high, or rather more than four diameters. 

The clear width between the parapets is 42 feet 4 
inches; allowing 28 feet 4 inches for the carriage-way, 
and 7 feet for each of the footpaths. 

Four plying places, or stair^s, for watermen, are formed 
by circular wings, projecting at right angles to the bridge, 
with archways leading to the road-way. These win^i^s are 
ornamented with columns, entablatures, &c. as before 
described. 

The bridge being level, and of so great a lengtli, it be- 
came necessary to provide means for carrying off the 
rain-water. This is effected by havin;r circular openings 
in the centre of each pier, which enter the river imme- 
diately below low-water mark : these openings are con- 
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nected with iron branch pipes up to the level of the 
road -way, where gratings are placed to receive the 
water. 

The roads, or approaches, to each end of the pier, are 
70 feet wide throughout, except just at the entrance into 
the strand, and are carried over a series of semi-circular 
brick arches of 16 feet span each. The Surry or south- 
ern approach is formed by 39 of these, besides an ellip- 
tical arch of 26 feet span, over the narrow wall road, and 
a small embankment about one hundred and sixty-five 
yards long, having an easy and gradual ascent of not more 
than 1 foot in 34 feet. 

The length of the brick arches in the Sur- 
ry approach is ... . 766 feet. 
Ditto of those in the Strand approach . 310 feet. 
Total length of the bridge from the ends 

of the abutments, .... 

Total length of the bridge and brick 

arches, ..... 

Fig. 1 exhibits a longitudinal section of one of the 

arches, the adjacent piers, and part of the next adjacent 



1,380 feet. 
2,456 feet. 



arches, with the elevation of one of the trasses forming 
the centre. The curve of equilibrium passes through the 
middle of the length of the arch stones, or very nearly 
so. The hollows over the piers are raised to the level 
of the summits of the arches by parallel brick walls, and 
connected with blocks of stone from wall to wall, for 
supporting the road-way. 

The centering was composed of eight trusses. It is 
one thousand two hundred and fifty feet long, has nine 
elliptical arches of one hundred and twenty feet span 
over the river, with piers twenty feet thick, built entirely 
of granite, and forty brick arches for a causeway on the 
Surry side. This plate is given with a view of showing 
the construction of masonry, as generally applied to bridge- 
building. The geometrical principle of constructing 
arches, and drawing the joint lines so as to be perpea- 
cular to the curve, is sufficiently explained in Plate 96, 
Fig. 2. 

Fig 2. The horizontal section sliowing the brick walls, 
as a, a, &c. which are covered with stone ; also the 
foundation of the piers at b, 6, &c. 
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Abacus. The upper number of the Capital of a Column 
whereon the Architrave rests. In the Corinthian order its 
four sides recede inwardly in segments of circles on the p an, 
and are decorated in the centre with a flower or other or na- 
ment. The original' object in its use was doubtless to give 
breadth to the top of the column, and prepare a large level 
bed for the reception of the Entablature. 

Scamozzi uses this term for a concave moulding in the 
Capital of the Tuscan Pedestal, which, considering its ety- 
mology, is an error. 

Abutment. The solid part of a pier from which an arch 
springs. 

Acanthus. A plant called in English Beards Breech, whose 
leaves are employed for decorating the Corinthian and Com- 
posite Capitals. 

The leaves of the Acanthus are used on the bell of the 
Capital, and distinguish the two rich orders from the three 
others. In those two orders they are however diflerently 
disposed, as may be seen by reference to the plates of the . 
Corinthian and Composite orders in this work. 

In the Composite Capitals of the Arches of Titus jind 
Septimus Severus, the leaves seem, from their strong inden- 
tations, to be meant to represent Parsley leaves. Those in 
the Temple of Vesta at Rome dilTer from the Acanthus, and 
are usually denominated Laurel leaves. 

Accompaniments. Buildings or ornaments, having a necessa- 
ry connection or dependence, and which serve to make a de- 
sign more or less complete a characteristic peculiarity of 
ornaments. 

AccoupLEMENT. Amo ng Car pcuters, a tie or brace; sometimes 
the entire work when framed. 

AcROTERiA. The small Pedestals placed on the extremities 



and apex, of a Pediment. They are usually without bases 
or plinths, and were originally intended to bear statues. 

Vitruvius gives rules for their dimensions. Some use the 
word Acroterion to express a figure of stone or metal placed 
on the top of a building ^ but in its strict meaning it can only 
be applied to the pedestals above mentioned. 

Admeasurement. Adjustment of proportions ; technically, an 
estimate of the quantity of materials and labor of any kind 
used in a building. 

Alcove. The original and strict meaning of this word, which 
is derived from the Spanish •Blcoba, is that part of a bed 
chamber in which the bed stands, and is separated from the 
other parts of the room by Columns or Pilasters. The seats 
in gardens have however in this country been expressed by 
this term. 

Amphiprosttle. In ancient Architecture, a Temple with Col- 
umns in the rear as well as in the front. 

Amphitheatre. A double theatre, of an elliptical form on the 
ground plan, for the exhibition of the ancient gladiatorial 
fights and other shows. Its arena, or Pit, in which those 
exhibitions took place, was encompassed with seats rising 
above each other ; and the exterior had the accommodation 
of porticos or arcades, for the public. It was dbtinguished 
from the theatres, by its consisting of two theatres, plaoed 
end to end, thus, ^D 

The remains of lour very considerable Amphitheatres are 
still in existence ; that of Pola, in Istria ; the Coliseum, at 
Rome, built by Vespasian ; one at Verona ; and the fourth in 
Languedoc, near Nismes — besides some others, 

Ancones. The Consoles or ornaments cut on the keys of 
Arches, sometimes serving to support busts or other figures. 

Annulet. A small square Moulding, which crowns or ac- 
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companies a larger. Also that fillet which separates the 
flu tings of a column. It is sometimes called a Usty orUi e la 
— wliieh see. 

AktjE. a name given to pilasters attached to a wall. Vi- 
truvius calls them parcutatcR when insulated. They are 
not diminished J and in ail the Greek examples their capi- 
tals are different from those of the columns they accom- 
pany. 

Apophyge, That part of a Column between the upper fillet of 
the base and the cylindrical part of the shaft of the column, 
which is usually curved into it by a cavetto.i 

AQUEDUCT. An artificial Canal for the conveyance of water 
either above or under ground. The Roman aqueducts are 
mostly in the foniier predicament. 

Ar^ostyle. That style of building in whigh the Columns are 
distant four, and sometimes five, diameters from each other ; 
but the former is the j)roportion to which the term is usually 
applied. This columnar arrangement is suited to the Tus- 
can order only. 

Arcade. A series of arches, of apertures, or recesses, a con- 
tinued covered vault, or arches supported on piers or col- 
umns instead of galleries. In Italian towns the streets are 
lined with arcades like those of Covent Garden and the 
Royal Exchange. 

Arch. An artful arrangement of bricks, stones, or other mate- 
rials, in a curvilinear form, which by their mutual pressure 
and support perform the office of a lintel, and carry superin- 
cumbent weights, — the whole resting at its extremities upon 
piers or abutments. 

Archeion. The most retired and secret place in Grecian tem- 
ples, used as a treasury, wherein were deposiied the richest 
treasures pertaining to the deity, to whom the temple was 
dedicated. 

AcHiTECT. ' One who designs and superintends the erection 
of buildings. 

Architrave. The lower of the primary divisions oC the En- 
tablature^ It is placed immediately upon the abacus of the 
capital. 

Astragal. From the Greek word for a bone in the foot, to 
which this moulding was supposed to bear a resemblance. 
A small moulding, whose profile is semi-circular, and 
which bears also the name of Talan or Tondino, The 
Astragal is often cur. into beads and berries, and used in or- 
namented entablatures to separate the faces of the Archi- 
trave. 

Attic A term that expresses any thing invented or much 
used in Attica, or the City of Athens. A low story erected 
over an order of architecture, to finish the upper part of the 
building, being chiefly used to conceal the roof, and give 
greater dignity to the design. 

Attic Base. See Base. 

Attic Order. An order of low Pilasters, generally placed 
over some other order of Columns. It is improperly so 
called, for the arrangement can scarcely be called an order. 



Balcony. A projection from the surface of a wall, support- 
ed by coilsoles or pillars, and surrounded by a balustrade. 



Baluster. A small Pillar or Pilaster, serving to support a raiL 
Its form is of considerable variety, in different examples. 
Sometimes it is round, at other times square ; it is adorned 
with mouldings and other decorations, according to the rich- 
ness of the order it accompanies. 

Balustrade. A connected range of a number of Balusters on 
Balconies, Terraces round altars, &c. — See Baluster. 

Bakd. a term used to express what is generally called a 
Face J or Facia, It more properly *means a flat low tqiuwe 
profiled member, without respect to its place. That from 
which the Corinthian or other modillions, or the dentiles 
project, is called the Modillion Band, or the Dentile Band, 
as the case may be. 

Bakdelet. a diminutive of the foregoing term, used to ex- 
press any narrow flat moulding. The tsenia on the Doric 
architrave is called its Bandelet. 

Banker. A stone bench on which masons cut and square 
their work. 

Ba>'<iuet. The footway of a Bridge raised above the Car 
riage-way. 

Barrel Drain. A drain of the form of a hollow cylinder. 

Base. The lower part of a column, mouUied or plain, on 
which the shaft, is placed. 

The world also signifies any support, but is in decorative 
architecture mostly used in the above sense. The earliest 
columns, as those of the Grecian Doric, were without bases, 
standing immediately on the floor or pavement of the por- 
tico. The Tuscan base has only a single torus or round 
member on the plinth ; the Roman Doric, a torus and an 
astragal ; the Ionic a single large torus placed over two 
slender scotige, which are separated by the astragals. The 
Corinthian base has two tori, two scotise, and two astragals. 
The composite has a double astragal in the midlle. 

Besides the above, there is another species, denomina- 
ted the Attic Base. This base consists of two tori and a 
scotia. The former are of different dimensions, the upper 
one being the least, and are separated from the scotia 
by a fillet on the top of one and at the bottom of the other. 

Basement. The lower part or story of a building, on which 
an order is placed, with a base or plinth, die and cornice. 

Basil. A word used by Carpenters &c. to denote the angle to 
which any edge tool is ground and fitted for cutting wood 
&c. 

Basin, en CoquiUey that is shaped like a shell. 

Basin, is likewise used for a dock. 

Basket. A kind of vase in the form of a basket filled with 
flowers or fruits, serving to terminate some decoration. 

Bassilica. a Town or Court Hall, a Cathedral, a Palace 
where Kings administered justice. This name is particularly 
applied at Rome, to the Churches of SarUi Croce di Gem 
stdemme, San Criovanni Laterano^ Santi Maria Maggiortf 
Smi Lorenzo, Juori le mura, San Paola, San Sebastiano, and 
San Pietro del Vaiieano, 

Basso-relievo, or Bas Relief. The representation of fig* 
ures projecting from a back ground, without being detached 
from it. Though this word, in general language, implies all 
kinds of Relievos, from that of coins, to more than one half 
of the thickness from the back ground. 
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Bath. A receptacle of water q>propriated for the purpose of 

bathing. 
Battcn. a scantling of stuff, from two to six inches broad, 

and from | to two inches thick, used in the boarding of floors; 

also upon walls, in order to secure the lath on which the 

plaster is lai;l. 
Batter. When a wall is built in a direction that is not per- 
pendicular. 
Battlements. Indentations on the top of a parapet, or wall, 

first used in ancient fortifications; and ailerwards applied to 

churches and other buildings. 
Bead and Flush work. A pirtje of panel work, with a bead 

run on each edge of the included panel. 
Bead and But work. A piece of framing in which the pan- 
els are flush, having beads stuck or run upon the two edges 

with the grain of the wood in their direction. 
Bed Mouldings. Those mouldings in all the orders between 

the corona and frieze. 
Bossaoe. ( AFrench term.) Any projection left rough on 

the face of a stone for the purpose of sculpture, which is 

usually the last thing finished. 
Boultin. a name given to the moulding, called the egg or 

quarter round. 
Bulk. A piece of timber from 4 to 10 inches square, and is 

sometimes called ranging timber. 



Cabling. The filling up of the lower part of the fluting of a 
column, with a solid cylindrical piece. Flu tings thus treat- 
ed are said to be caWsd. 

Caisson. A name given to the sunk panels of various geo- 
metrical forms, symmetrically disposed in flat or vaulted ceil- 
ings, or in solfils generally. Caisson, when applied to 
bridge building, &c., is a large chest made water tight, 
framed of limbers, sometimes used in large and deep rivers, 
for the purpose of building piers upon. 

Campana. The body of the Corinthian capital, otherwise 
from its figure called the vase or ball. 

Capital. The head or uppermost part of a cx)lumn or pilaster. 
The capitals of the several orders differ as follows: — the 
Tuscan capital consists of an abacus or square piece at the 
top, under which is an ovolo or quarter round, and under 
that a neck, terminated by an astragal or fillet, which latter 
is considered as belonging to the shaft of the column. The 
Roman Doric capital has an abacus, ovolo, and neck like 
the Tuscan, but, in addition, has three annulets under the 
ovolo and a cyma or ogee, with its fillet over the abacus. 
The Grecian Doric, however, has only a square abacus, 
ovolo, and small fillets. The Ionic capital consists of three 
principal parts — an abacus composed of an ogee and fillet, a 
rind which forms the scrolls, and an ovolo and astragal at 
bottom. The Corinthian consists of an abacus of peculiar 
form, and a bell covered with leaves and stalks : the leaves 
forming its under part, and the stalks rising between them, 
and turning down in the form of scrolls when they reach the 
abacus. The Composite capital borrows an ovolo from the 
Doric, and volutes from the Ionic, and a double tier of leaves 
from the Corinthian. 
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Carpenter. An artificer whose business is to cut, fashion, 
and join timbers together, and other wood for the purpose 
of building: the word is formed from the French eharpef^ 
tier, derived from eharpenHe, which signifies timber. 

Carpentry, or that branch which is to claim our attention, is 
divided into three principal heads, viz.. Constructive, De- 
scriptive, and Mechanical; of these, Descriptive carpen- 
try shows the lines or methods for forming every species of 
work in piano, by the rules of Geometry ; Constructive car- 
pentry, the practice of reducing the wood into particular 
forms, and joining the forms so produced, so as to make 
a complete whole, according to the intention of the design : 
and Mechanical carpentry displays the relative strength of 
the timbers, and the strains to which they are subjected by 
their disposition. 

Cartouch. The same as modillion, except that it is exclu- 
sively used to signify those blocks or modillions at the eaves 
of a house. — See Modillion. 

Caryatides. Figures of women, which serve instead of col- 
umns to support the entablature. Their origin, as asserted 
by Vitruvius, in representing the captive women of Carya, 
is doubtful. It is probable that they were originally statues 
in honor of Diana. 

Casement. The same as Scotia, which see — also the term 
used for a sash hung upon hinges. 

Cauliculus. The volute or twist under the flower in the Co- 
rinthian capital. 

Cavetto. a hollow moulding, whose profile is a quadrant of 
a circle, principally used in cornices. 

Cell. See Naos. 

Cincture. A ring, list, or fillet, at the top or bottom of a col- 
umn, serA'ing to divide the shaft of the column from its cap- 
ital and base. 

Column. A member in architecture of a cylindrical f8rm, con- 
sisting of a base, a shaft or body, and a capital. It diflers 
from the pilaster, which is square on the plan. Columns 
should always stand perpendicularly. 

Composite Order. One of the orders oY Architecture. 

Conge. Another name for the echinus, or quarter round, as 
also for the cavetto: the former is called the Swelling Conge, 
the latter the Hollow Conge. « 

Consoles. See Ancones. 

Corbel or Corbeille. A short piece of timber or stone let 
into a wall half its lengh or more, as the burthen super- 
imposed may require, to carry a weight above it, project- 
ing from the general face of the work: it is carved in various 
fanciftil ways; the commonest form is, however, that of an 

ogee. 

Corinthian Order. One of the orders of Architecture. 

Cornice. The projection, consisting of several members, 
which crowns or finishes an entablature, or the boily or part 
to which it is annexed. The cornice used on a \ edesial is 
called the cap of the pedestal. 

Corona, is that flat, square and massy member of a cornice, 
moro usually called the drip or larmier, whose situation is 
between the cymatium above, and the bed moulding below. 
Its use is to carry the water, drop by drop, from the build- 
ing. 
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CossiDoR. A gallery or open communication to the different 
apartments df a house. 

CoRSA. The name given by Vitnivius to a platband or square 
facia, whose height is more than its project are. 

Cirpoi.A. A small room, either circular or polygonal, standing 
on the top of the dome. By some it ia called a lantern. 

Cushioned. See Frieze. 

Ctma, called also Cymatium, its name arising from its re- 
semblance to a wave. A moulding which is hoUow in its 
upper part and swelling below. 

T^ere are, however, two sorts : the Cyma Recta, just de- 
scribed, — and the Cyma Reversa, whose upper part swells, 
whilst the lowest part is hollow. 



Decagon. A plain figure, having ten sides and angles. 

Decasttle. a building having ten columns in front. 

Decempeda. (decern, ten, Bndpe», foot, Lat.), a rod of ten 
feet, used by the ancients in measuring. It was subdivided 
into twelve inches in each foot, and ten digits in each inch ; 
like our surveyors' rods used in measuring short distances, 
&c. 

Decimal Scale. Scales of this kind are used by draflsmen, 
to regulate the dimensions of their drawings. They are 
generally of the denomination of | or ^ inch in the first di- 
visions, and subdivided into ten parts each ; a pair of propor- 
tional dividers may be used for the same purpose, with great- 
er accuracy and expedition. 

Decoration. Any thing that enriches or gives beauty and 
ornament to the orders of Architecture, such as foliage, 
sculpture, &c., exemplified more particularly in the capitals 
of the Ionic, Corinthian, and Composite, and the various en- 
tablatures, as the temple of Erectheus, at Athens, the tem- 
ple of Jupitor Stator, at Rome, and the Arch of Titus. . 

Demi-Metope. The half of a metope, which is found at the 
retiring or projecting angles of a Doric frieze. 

Dentiles. Small square blocks or projections used in the bed 
mouldings of the cornice in the Ionic, Corinthian, Compos- 
ite, and sometimes Doric, orders. Their breadth should be 
half their height^ and their interval according to Vitruvius, 
two thirds of their breadth. The Greeks were not accustoni- 
ed to use them under modillions. 

Details of an Edifice. Drawings or delineations for the 
use of builders, otherwise called working plans. 

Diagonal Scale, is a scale subdivided into smaller^ parts by 
secondary intersections or oblique lines. 

Diameter. The line in a circle passing from the circumfer- 
ence through the centre. 

Diamond. A sharp instrument formed of that precious stone 
and used for cutting glass. 

DiASTTLE. That intercolumniation or space between col- 
umns, consisting of three diameters — some say four diam- 
eters. 

Die, or Dte. A naked square cube. Thus the body of a 
' pedestal, or that part-between its base and . its cap, is called 
^he die of the pedestal Some call the abacus the die of the 
capital. 



Dimension. (Dtme/ter, Lat.) in geometry is either loigthy 
breadth, or thickness. 

Diminution. A term expressing the gradual decrease of 
thickness in the upper part of a column. 

Dipteral. A term used by the ancients to express a temple 
with a double range of columns in each of its flanks. 

Dodecagon. A regular polygon, with twelve equal sides and 
angles. 

Dodecasttle. a building having twelve columns in front 

Dome. An arched or vaulted roof springing from a polygo- 
nal, circular or elliptic plane : when the base is a circular, it 
is termed a cupola ; when a polygon, it is a polygonal dome } 
•and when ellipsis, an elliptic dome. 

Domestic Architecture, is properly that branch of the art 
which relates to private dwellings, including cottages, farm- 
houses, &c. 

Doric Order. One of the five orders of Architecture. 

DooKs. Flat pieces of wood of the shape and size of a briek^ 
inserted in brick walls, sometimes called plugs or wooden 
bricks. 

Door. The gate or entrance of a house, or other building, or 
of an apartment in a house. 

Dormitory. A sleeping room. 

Drawing, or Withdrawing Room. A large and elegant 
apartment, into which the company withdraw af^r dinner. 

Dressing Room. An apartment contiguous to the sleeping 
room, for the convenience of dressing. 

Drip. See Corona. 

Drops. See GuttGS. 



Echinus. The same as the ovolo or quarter round ; but per- 
haps it is only called Echinus with propriety, when carved 
with eggs and anchors. Echinus is the husk or shell of the 
chestnut, to which it is said, perhaps erroneously, it beais a 
resemblance. 

Edging. The reducing the edges of ribs or rafters, that they 
may range together. * 

Edifice, is synonymous with the terms building, fabric, 
erection ; but the word Edifice is more strictly applicable to 
krchitectural erections distinguished for grandeur, dignity, 
and importance. 

Effect. Considered in architecture as the result of the sen- 
sations, which the whole and the parts of an edifice together 
ought to produce on the mind and the eye, is difficult to ap- 
preciate from simple designs. Nothing is more deceptive 
than the simple delineations which architects make of their 
works ', they are only remedied by great experience on 
models. 

Elbows of a Window. The two paneled flanks, one under 
each shutter. 

Elevation. A geometrical projection drawn on a plane, per- 
pendicular to the horizon. 

Embankments. Are artificial 'mounds of earth, stone, or 
other materials, made to confine rivers, canals, and reser- 
voirs of water within their prescribed limits } also lor level- 
1kg up of railroads, &c. 
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fivcARPVs. The festoons on a frieze^ consisting of fruits, 
flowers, and leaves. — See Festoon. 

En TABLATURK. The assemblage of parts supported by the col- 
umn. It consists of three parts — ^the architrave, frieze, and 
cornice. 

EnTAsis. The slight curvature of the shafls of the ancient 
Grecian columns, particularly the Doric, which is scarcely 
perceptible, and beautifully graceful 

Entresol. See Mezzanine. 

Episttlium. The same as Architrave, which see. 

EusTTLE. That intercolumniation, which, as its name would 
import, the ancients considered the most elegant, viz. two 
diameters and a quarter of the column. Yitruvius says this 
manner of arranging columns exceeds all others in strength, 
convenience^ and beauty. 



Facade. The face or front of any considerable building to a 
street, court, garden, or other place. 

Facia. A flat member in the entablature or elsewhere, being 
in fact nothing more than a band or broad fillet. The arch- 
itrave in the more elegant orders is divided into three bands: 
these are called Faciae. The lower is called the first Facia, 
the middle one the second, and the upper one the third 
Facia. 

Fastioium. See Pediment. 

Feather-eooed Boards. Are narrow boards made thin on 
one edge. They are used for the facings or boarding of 
wooden walls. 

FESTooif. An ornament of carved work, representing a wreath 
or garland of flowers or leaves, or both interwoven with each 
other. It is thickest in the middle, and small at each ex- 
tremity, where it is tied, a part oflen hanging down below 
the knot. 

Fillet. The small square member, which is placed above or 
below the various square or curved members in an order. 

Flank. The least side of a pavilion, by which it is joined to 
the main building. 

Flatnino, in inside house painting, is the mode of finishing 
without leaving a gloss on the surface, which is done by add- 
ing the spirits of turpentine to unboiled linseed oil. 

Flight of stairs, is a series of steps, from one landing place 
to another. 

Floors. The bottom of rooms. 

Fluting 8. The vertical channels on the shafls of columns, 
which are usually rounded at the top and bottom. In the 
Doric order they are twenty in numbv; in the other orders, 
the Tuscan excepted, which is never fluted, their number 
IS twenty-four. They are sometimes cabled. — See Cabling. 

Flyers, are steps in a series, which are parallel to each other. 

Folding Doors, are made to meet each other from opposite 
jambs, on which they are hung. 

Foliage. An ornamental distribution of leaves or flowers on 
various parts of the building. 

Fore Shorten. A term applicable to the drawings or designs 
in which, from the obliquity of the view, the object is repre- 
sented as receding from the opposite side and the plane of 
the projection. 



Foundation. That part of a building or wall which is bekiw 
the surface of the ground. 

Foot. A measure of twelve inches, each inch being three 
barleycorns. 

Frame. The name given to the wood work of windows, en* 
closing glass, and the outward work of doors or windows, or 
window shutters, enclosing panels ; and in carpentry, to 
the timber work supporting floors, roofs, ceilings, or to the 
intersecting pieces of timbers forming partitions. 

Fret. A kind of ornamental work, which is laid on a plane 
surface: the Greek fret is formed by a series of right angles 
of fillets of various forms and figures. 

Frieze, or Frize. The middle member in the entablature of 
an order, which separates the architrave and the cornice. 
In the Tuscan order it is always plain. In the Doric it is 
ornamented with triglyphs. In the Ionic it is sometimes 
swelled, and in the Corinthian and Composite is variously 
decorated, at the pleasure of the architect. When it swells 
in the Ionic order, it is called a pulvinated or cushioned 
friezes 

Frontispiece. The face or fore front of a house ; but it is a 
term more usually applied to its decorated entrance. 

Front. A name given to the principal interior facade of a 
building. 

Frustum. A piece cut ofi* from a regular figure: the frustum 
of a cone is the part that remains when the top is cut off by 
an intersection parallel to its base, as the Grecian Doric col^ 
umn without a base. 

FuRRiNGS, are flat pieces of timber, plank, or board, used 
by carpenters to bring dislocated work to a regular sur- ' 
face. 

Fust. The shaf\ of a column. See Shaft. 

Gable. The upright triangular end of a building, in classical 

architecture called a pediment. 
Gage. In carpentry, an instrument to strike a line parallel to 

the straight side of any board or piece of stuff. 
Gain. The bevelled shoulder of a binding joist. 
Gltphs The vertical Aannels sunk in the triglyphs of the 

Doric frieze. 
GoLA, or GuLA. The same as Ogee, which see. 
Gorge. The same as Cavetto, which see. 
Gouge. A chisel of a semi-circular form. 
Granite. A genus of stone much used in building, composed 

chiefly of quartz, feldspar and mica, forming rough and 

large massesof very great hardness. 
Groined Ceiling. A surface formed of three (^r more curved 

surfaces, so that every two may form a groin, all the groins 

terminating at one extremity in a common point. 
Groove, or Mortise, The channel made by a joiner's plane 

in the edge of a moulding, style, or rail, to receive the tenon. 
Ground Floor. The lowest story of a building. 
Ground Plane. A line forming the ground of a design or 

pkture, which line is a tangent to the ^^fia^ of the face of 

the globe j as tLground Une is any •tt^gYii ^*^ wrnng aa 

the ground of the design. 



184 



GLOSSARY OP ARCHITECTURAL TERMS. 



Ground Plot. The ground on which a huilding is placed. 

Grounds. Joiners give this name to narrow strips of wood 
put in walls to receive the laths and plastering, flush with 
the outer surface at the base of rooms, the apertures of doors, 
windows, chimney-pieces, &c. 

GuTTJB or Drops. Those frustra of cones in the Doric en- 
tablature which occitr In the architrave below the tenia under 
each triglyph. They are also found in the under part of the 
mutulfs or moclillions of that order. 

Gutters, are a kind of canals in the roofs of houses, to re- 
c||ve and carry off rain water. 

Halving. The junction of two pieces of timber, by inserting 
one into the other; in some cases to be preferred to mortising. 

Hand-Railing. The art of forming hand-rails round circular 
and elliptic well-holes without the use of the cylinder, and 
supported by banisters inserted in the steps. It is the in- 
vention of Mr. Peter Nicholson. 

Hanging-Stile, of a door, is that to which the hinges are 
fixed. 

Heel of a Rafter. The end or foot that rests upon the wall 
plate. 

Helical Line of a Hand-rail. The line, or spiral line, repre- 
senting the form oi'the hand-rail before it is moulded. 

Helix. The curling stalk under the flower in the Corinthian 
cafutal. — See Cauliculus. 

Hem. The spiral projecting part of the Ionic capital. 

Hexasttle. a building having six dttlumns in front. 

Hook-Pins. The same as Draw bore-pins, to keep the tenons 
in their place, while in the progress of framing: the pin has 
a head or notch in the outer end to draw it at pleasure. 

Hyp«thral. In the open air uncovered by a roof. 

HypertStron. The lintel of a doorway. 

Hypotrachelium. a ti'rm given by Vitruvius to the slender- 
est part of the shaft of a column where it joins the capital. 
It signifies the part under the neck. 

IcHKOGRAPHY. The trans\-erse section of a building, which 
represents the circumference of the ^hole edifice ; the differ- 
ent rooms and apartments, with the thickness of the wflAls ; 
the dimensions and situation of the doors, windows, chim- 
neys; the projection of columns, and every thing that could 
be seen in such a section, if really made in a building. 

Impost. The layer of stone or wood that crowns a door-post 
or pier, and which supports the base line of an arch or ar- 
cade; it generally projects, and is sometimes formed of an 
assemblage of mouldings. 

Inch. The twelflh part of a foot. For the purpose of reck- 
oning in decimal fractions; it is divided into ten parts or 
integers. 

Inclined Plane. One of the mechanical powers, is used for 
raising ponderous bodies, in many instances of immense 
weight; a declivity of a hill, &c. 

Insular Column, is a column standing by itself. 

Insulated. Detached from another building. A church is 
insulated, when not contiguous to any other edifice. A 
column is said to be insulated when standing free from 



any wall; thus the columns of peripteral templet were 

insulated. 
Intaglio. Any thin^ with figures in relief on it 
Intercolumniation. The distance between two columns. 
Intrados. The under curved surface or soffit of an arch. 
Inverted Arches. Such as have their intrados below the 

centre or axis. 
Ionic Order. One of the orders of architecture. 



Jack Plane. A plane about 18 inches long, to prepare 
for the trying plane. 

Jack Rafters. The jack timbers, which are fastened to the 
hip raf>ers and the wall plates. 

Jambs. The side pieces of any opening in a wall, which bear 
the piece that discharges the superincumbent weight of such 
wall. 

Joinery. In building, is confined to the nicer and more orna- 
mental parts, as carpentry is to the stronger and more pon- 
derous ; such as frames of buildings. 

Jointer. A tool used for straightening and preparing stuff' 
for joints, &c. This jointer is about two feet 8 or 10 inches 
long. 

Kerf. The slit or cut in a piece of timber, or in a stone, by a 
saw. 

Key Stone. The stone in an arch, which is equally distant 
from its springing extremities. In a circular arch there will 
be two key stones, one at the summit, and the other at the 
bottom thereof; in semi-circular, semi-elliptical arches, &c. 
it is the highest stone, and it is frequently sculptured on the 
face and return sides. 

King Post. The middle post in a roof. 



Lacunar, or Laq.uear. The same as Soffit, which sec. — It is 
however to be observed, that it is a Lactmar only when 
consisting of compartments sunk or hollowed, without the 
separation of platbands or s))aces between tlie panels. When 
they are added, it is called Laqnear. 

Larmier. Called also Corona, which see. 

Lath. A narrow slip of wood li to li inches wide, i to | 
inch thick, and four feet long ; used in plastering, to support 
the mortar on walls and ceilings of buildings. 

Leaves. Ornaments representing natural leaves. The an- 
cients used two sorts of leaves, natural and imaginary. The 
natural were those of the laurel, palm, acanthus, and olive ; 
but they took such liberties in the form of these, that they 
might almost be said to be imaginary too. 

Level. A surface which inclines to neither side. There arc 
several instruments used to take levels: as, the air level; 
water level ; pendulum level ; reflecting level ; mason's 
level ; carpenter's or brick-layer's level, &c. 

Lining. Covering for the interior, as casing is covering the 
exterior surface of a building. 

Lintel. A piece of timber or stone placed horizontally over 
a door, window, or other opening. 

List, or Listel. The same as Fillet, or Annulet. 
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L18TINO. The cutting the sap-wood out from both edges of a 

board. 
LvFFER Boarding. The same as blind slats. 



Mechanical Cahpentrt. That branch of carpentry which 
teaches the disposition of the timbers according to their rela- 
tive strength, and the straints to which they are subjected. 

Medijeval Architecture. The architecture of England, 
France, Germany, &c., during the middle ages, including 
the Norman and early Gothic styles. 

Members, (fnembrum, Lat.) The different parts of a build- 
ing ; the different parts of an entablature ; the different mould- 
ings of a cornice, &c. 

Metope. The square space between two triglyphs of the Do- 
ric order. It is sometimes lefl plain, at other times decorat- 
ed with sculpture. 

Mezzanine. A low story introduced between two principal 
stories. 

Minerva Polias. A Grecian temple at Athens. 

Minute. The sixtieth part of the diameter of a column. It is 
the subdivision by which architects measure the small parts 
of an order. 

Mitre. An angle of forty-five degrees, a half of a right angle. 

Mo<iel. See £fiect. 

MoDiLLiON. An ornament in the entablature of richer orders 
resembling a bracket. Modillions are placed with the inter- 
vention of one or two small members under the corona. 
They should be so distributed that the centre of one should 
always stand over the centre of a column. In the Corinth- 
ian order they are enriched with carvings ; in the Ionic aijd 
Composite, they are generally more simple. 

The term Mutule, which is confined to the Doric order, is 
in fact the same as the Modiilion* The mutules always 
answer to the triglyphs. 

Module. The semi-diamater of a column. This terms is 

• only properly used when speaking of the orders. As 
a semi-diameter it consists of only thirty minutes. — See 
Minute. 

MonopTeral. Among the ancients, a circular acred enclos- 
ure by means of columns without a cell. 

Mosaic. A kind of painting representing cubes of glass, &c., 
and is formed of different colored stones, for paving, &c. 
Specimens of this kind have been found among the ruins of 
antiquity. 

Mouldings. Those parts ol an order which are shaped into 
various curved or square forms. 

Mouth. The same as Cavetto, which see. 

Mutule. A projecting ornament of the Doric cornice which 
occupies the place of the modillion in imitation of the ends 
of raaers. See Plate 38, Fig. 9, 



!Naked. The unornamented plain surface of a wall, column, 

or other part of a building. 
Naos, or Cella. The part of a temple within the walls. 
Newel. The solid, or imaginary solid, when the stairs are 

open in the centre, round wicb the steps are turned about. 
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Niche. A square or cylindrical cavity in a wall or other solid. 



Obelisk. A tall slender frustrum of a pyramid, usually placed 
on a pedestal. The difference between an obelisk and a 
pyramid, independent of the former, being only a portion of 
the latter, is that it always has a small base in proportion to 
its height. ^ 

Octasttle. a building with eight columns in front. 

Ogee, or Ogive. The same as Cyma, which see.^ 

Order. An assemblage of parts, consisting of a base, shaft, 
capital, architrave, frieze and cornice, whose several ser- 
vices requiring some distinction in strength, have been con- 
trived or designed in five several species — Tuscan, Doric, 
Ionic, Corinthian, and Composite; each of which has its 
ornaments, as well as general fabric, proportioned to its 
strength and character. These are the five orders of ar- 
chitecture, the proper understanding and application of 
which constitute the foundation of aU excellence in the 
art. 

Ordonnance. The arrangement of a design and the disposi- 
tion of its several parts. 

Orle. (Ital.) A fillet or band under the ovolo of the capital. 
Palladio applies the term also to the plinth of the base of a 
column or pedestal. 

OvoLo. A moulding sometimes called a quarter round, rom 
its profile, being the quadrant of a circle. When sculptured 
it is called an Echinus which 9ee. 

Ovum. The same as Qvolo. 



Panel. A tliin board having ail its edges inserted in the 
groove of a surrounding frame. 

Parapet. From the Italian Parapetto, breast high. The de- 
fence round a terrace or roof of a building. 

Parastatje. Pilasters standing insulated. 

Pavilion. A turret or small building generally insulated, and 
comprised beneath a single roof. This name is also given 
to the projecting parts in front of a building, which mark 
the centre and whwh sometimes flanks a comer, when it 
is termed an angular paoiUan, 

Pedestal. The substruction under a column or wall. A pe- 
destal under a column consists of three parts, — the base, 
the die, and the cornice or cap. 

Pediment. The low triangular crowning ornament of the 
front of a building, or of a door, window, or niche. Pedi- 
%ments are however sometimeB in the form of a segment 
of a circle, when applied to doors and windows. The ped- 
iment of a buikling is not unfrequently ornamented with 
sculpture. 

Peripteral. A term used by the ancients to express a buikling 
encompaai^ by columns, forming as it were an aisle round 
the building. 

pERiSTTLiuM. lu Greek and Roman houses, a court, square, 
or cloister, which sometimes had a colonnade on three sides 
only, and therefore in that case improperly so called. 
There were other peristylia with a colonnade on each of 
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the four sides ; that on the south side was sometimes hi^- 
er than the rest. This species was called a Rhodian Per- 
istyle. 

Pkhspectivb. Is the science which teaches us to dispose 
the lines and shades of a picture, so as to represent, on 
a plane, the image of objects exactly as they appear in 
nature. 

Piazza. A continued arch-way, or vaulting, supported by 

pillars or columns ; a portico. 
PiEa. A solid between the doors or the windows of a build- 
ing. The square or other formed mass or post to which a 
gate is hung. The solid support from which an arch springs. 
In a bridge, the pier next the shore is usually called an 
Abutment Pier. 
PiA8T£B. A square pillar engaged in a wall. 
Pile, a stake or beam of timbers, driven firmly into the 
ground, to form the foundation of buildings, piers of 
bridges, &c. In foundati ons they are only employed when 
the foundation is suspected of being unsound. 
Pillar. A column of irregular form, always disengaged, and 
always deviating from the proportions of the orders ; whence 
the distinction betwen a pillar and a column. 
Planceer. The same as Soffit which see. 
Platband. A square moulding, whose projection is less than 
its height or breadth. The fillets between the flutes of col- 
umns are improperly called platbands. The Kntel of a door 
or window is sometimes called by this name. 
Plinth. The square solid under the base of a column, pedes- 
tal, or wall. The abacus of the Tuscan capital is sometimes 
called the plinth of that capital. 
Porch. An arched vestibule at the entrance of a church, or 
other building. 

Portico. A place for walking under shelter, raised with arch- 
es in the manner of a gallery the portico is usually vault- 
ed, but has sometimes a flat soffit or ceiling. This word is 
also used to denote the projection before a church or temple 
supported by columns. 

Post. A piece of timber set erect in the earth. Perpendicu- 
lar timbers of the wooden frame of a building. 

PosTicuM. The back door of a temple, also the portico behind 
the temple. 

PanrciPAL Rafters. The two inclined timbers which sup- 
port the roof. 

Pkopile. The contour of the difierent parts of an order. 

Projecture. The prominence of the mouUings, and mem-^ 
bers beyond the naked surface of a column, wall, &c. 

Proscekium. The front part of the stage of the ancient thea- 
tres, on which the actors performed. 

Prostyle. A building or temple with columns in front only. 

Pseudo-dipteral. A term used by the ancients to express a 
building or temple in which the distance from each side of 
the cell to the surrounding columns is equal to two intenso- 
lumniations, but wherein the intermediate range of columns 
which would occur between the outer range and the cell, is 
omitted. 

PuLviif ATE. A term used to express the swelling of the frieze 

in the Ionic order. 
Purlins. Pieces of timber framed horizontally from the 



pnncipal rafters to keep the ecRnmon raflere fiom mnlrfng 

in the middle. " 

Ptcnosttle. An inteicolnmniatiot equal to one diameter and 
a half. 

Pyramid. A solid with a square polygonal or triangular 
base, terminating in a point at top. 



Quarter Round. See Ovolo and Echinus. 
Quirk Mouldings. The convex part of Grecian mouWingSy 
when they recede at the top, forming a re^nticent aagle 
with the surface which covers the moulding. 
Quoins. The external and internal angles of building or of 

their members. The corners. 
Radius, in geometry is the semi-diameter of a ciide, or a 
right line drawn from the centre to the circumference; in 
mechanics, the spoke of a wheel. 
Rails, in framing, the pieces that lie horizontal ; end the per- 
pendicular pieces, are called stiles, in wainscoting, &c. 
Rakino. a term applied to mouldings whose arrises tare in- 
clined to the horizon. 
Reg let. The same as Listel. 
Reoula. The same as Listel. 
Relievo, or Relief. The projecture of an architectural 

ornament. 
Resistance, in mechanics, that power which acts in opposi- 
tion to another, so as to diminish or destroy its efiect 
Reticulated work. That in which the courses are arranged 
in a net-like form. The stone are square, and placed loz- 
engewise. 
Return. (Ft.) The continuation of a moulding, projection, 
&c. in an opposite direction, as the flank of a portico, fcc 
Rib. {Sax.) An arched piece of timber sustaining the plas- 
ter-work of a vault, &c. 
Ridge. The top of the roof which rises to an acute angle. 
Ring. A name sometimes given to the list, cincture, or fillet 
Roman Order. Another name for the Composite. 
Roof. The covering of a house. See Plate 96. 
Rose. The representation of this flower is carved in the cen- 
tre of each face of the abacus in the Corinthian capital, and 
is called the Rose of that capitaL It is also used in decora- 
ting the caissons in the soffit of the corona, and in those of 
ceilings. 
Rule. An instrument for measuring. 

Rustic The courses of stone or brick, in wtdch the work is 
jagged out in to an irregular surface. Also, work lefl roogh 
without tooling. 



Sagging. The bending of a body in the middle by its own 
Weight, when suspended horizontally by each end. 

Salon. An apartment for state, or for the reception of paintings, 
and usually running up through two atories of the house. It 
may be square, oblong, polygonal, or circular. 

Saloon. {Fr.) A loflty hall, usually vaulted at the top, with 
two stages of windows. 

Sabh. The wooden frame which holds the glasa in windows. 
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ScArroLO. A flame of wood fixed to walls, for masons, 

plasterers, &c. to stand on, while working the parts of a 

building which they could not otherwise reach. 

ScAKTLiNo. The name of a piece of timber, as of quartering 

for a partition, when under five inches square, or the railer, 

purlin, or pole-plate of a roof. 
ScAPVs. The same as ShaA of a column, which see. 
ScASFiifo. The jointing and bolting of two pieces of timber 

together transversely, so that the two appear but as one. 
Scotia. The name of a hollowed moulding, principally used 

between the tori of the base of columns. It derives its name 

from the darkness which its form create. It is sometimes 

called a casement 3 and sometimes trochilus, from its resem- 
blance to a common pulley. 
Shaft. That part of a column which is between the base and 

capital. It is also called the Fust, as well as Trunk of a 

column. 
Shank. A name given to the two intersticial spaces between 

the channels of the triglyph in the Doric frieze. They are 

sometimes called the leg of the triglyph. 
Shooting. Planing the edge of a board straight, and out of 

winding. 
Shoulder. The plane, transverse to the length of a piece of 

timber from which a tenon projects. See Tenon. 
Shutters. The boards or wainscoting which shut up the 

aperture of a window. 
Sill. The timber or stone at the foot of a window or door, 

the ground timbers of a frame which support the posts. 
Skirtings. The narrow boards which form a plinth round the 

margin of a floor. 
Socle. A square flat member, of greater breadth than height, 

usually the same as plinth. 
Soffit. The ceiling or underside of a member in an order. It 

means also the underside of the larmier or corona in a cornice; 

also, the underside of that part of the architrave which does 

not rest on the columns. — Sec also Lacunar. 
Sommer. The lintel of a door, window, &c., a beam tenoned 

into a girder, to support the ends of joists on both sides of it; 

a common term in some places for a girder. 
Spiral. A curve line of a circularlar kind, which in its progress 

recedes from its centre. 
"Steps. The degrees in ascending a staircase, which are com- 
posed of two parts, the ttead or horizontal part, and the riser 

or vertical part. Steps round the circumference of a circle 

are called windersy and when they proceed straight forward, 
flyeri. 
Stereobata, or Sttlobata. The same as Entasis. 
Strap. An iron plate, to secure the junction of two or more 

timbers, into which it is secured by bolts. 
Stretching Course. Bricks or stones laid in a wall with 

their longest dimemtions in the horizontal line. 
Sua BASE. The mouldings immediately above the base of a 

room. 
Surface. The side or superficies of a body. 
Swelling. The same as Entasis. 
Ststtle. An intercolumniation equal to two diameters. 

Tjenia. A term usually applied to the listel above the architrave 
in the Doric order. 



Taillior. The French tenn for Abacus. 

Talon. The French name for the Astragal. It is by the 
French also used to denote the Cyma Reversa* 

Templet. A moukl used by brick-layers and masons for cut* 
ting or setting the work; a short piece of timber aometimea 
laid under a girder. 

Tenon. A piece of timber the thickness of which is divided 
into about three parts, the two outside parts are cut away 
leaving two shoulders, the middle part projects, and being 
fitted to a mortise, is usually termed tenon. 

Terminus. A stone anciently used to mark the boundary of 
property. A pedestal increasing upwards, or sometimes a 
parallelopiped for the reception of a bust. 

Terrace Roofs. Roofs which are flat at the top. 

Tetrastyle. a building having four columns in front. 

Theatre. A building for the exhibition of dramatic shows. 
It was among the ancients semi-circular in form, (see Am- 
phitheatre,) encompassed with porticos, and furnished with 
numerous seats, which included a place called the Orchestra, 
in the front of which was the floor of the theatre, called the 
Proscenium. 

ToNDiNo. The same as Astragal. 

Tongue. The part of a board which is lefl projecting, to be 
inserted in the groove of another. 

Torus. A moulding of semi-circular profile used in the bases 
of columns. 

Trabeation. The same as Entablature, which see. 

Transom. A beam across a double-lighted window: if the 
window have no transom, it is named a clearstory window. 

Triglyph. The ornament of the frieze in the Doric order, 
consisting of two whole and two half channels, sunk triangu- 
larly on the plan. 

Trimens. Pieces of timber framed at right angles with the 
joints against the wall, for chimneys, and well-holes for 
stairs. 

Trimmer. A small beam, into which are framed the ends of 
several joists. The two joists into which each end of the 
trimmer is fiamed are called trimming jouts, 

Trochilus. See Scotia. 

Trough-Gutter. A gutter below the dripping eaves, to con- 
vey the water to the pipe by which it is discharged. 

Trunk. See Shaf>. When the word is applied to a pedestal 
it signifies the dado or die, or body of the pedestal answering 
to the 8haf\ of the column. 

Truss. When the girders are very long, or the weight the 
floors are destined to support is very considerable, they are 
trussed. See Plate 93. Fig. 2. 

Tuscan. One of the orders of architecture. 

Tusk. A bevel shoulder, made above a tenon, to strength- 
en it. 

Tympanum. The space enclosed by the cornice of the 
sloping sides of a pediment, and the level fillet of the 
corona. 

Under-pinning. Bringing a wall up to the ground-sill. 

Valley. The internal angle of two sides of a roof The 
rafUr which supports the valley is called the valley rafter, 
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or valley piece, and the board fixed upon it, for the leaden 
gutter to lie upon, is termed the valley board. 

Vase. A term sometimes used to denote the inverted bell-like 
form of the ground on which the leaves of the Corinthian 
capital are placed. 

Vault. An arched roof so contrived that the stones or other 
materials of which it is composed, support and keep each 
other, in their places. Arched ceilings, which resemble vaults, 
and are circular, elliptical, or of other forms. When more 
than a semi-circle, they are called surmounted, and when less, 
surhased Vaults. 

Venetian Door. A door which is lighted on each side. 

Venetian Window. A window having three separate aper- 

tures. 

Vestibule. An anti-hall, lobby, or porch. 

Volute. The scroll which is appended to the capital of the 
Ionic order. There are volutes also in the Corinthian order, 
but they are smaller, more numerous^ and always diagonally 
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placed. In the Composite the volutes aie also diagonally 
placed, but larger than in the Corinthian. 

Wainscot. The wooden lining of wails, generally in panels. 
Walls. A body of masonry, of a certain thickness, formed of 

stone or bricks. 
Wall-Plates. Pieces oi timber which are so placed as to form 

the supports to the roof of a building. 
Well. The space occupied by a flight of stairs: the space 

left in the middle, beyond the ends of the steps, is called the 

xjoeU-hole. 

XTs;r or Xystos. A term used to express a portico of great 
length, in which running and wrestling were practised. It 
was sometimes covered, and sometimes open. 

ZocLE, or ZoccoLO. See Socle. 
ZoopHoaos. The same as Frieze. 
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USED IN MASONRY AND IN BUILDING GENERALLY. 



Abscissa. A right line which bisects all the oidinates of a 

curve. 
Acute. Any sharp edge. 
AcuT£ Angle. An angle less than a right angle. 
Angle. The space contained between two right lines, which 

meet each other in a point, but which are not both in the 

same right line. 
Angle or the Joint Lines. The angle made on either of the 

beds of stone comprised between the face of an arch and 

the intrados. 
Angle-tie. A short beam supported at each return of the wall 

plate from the angle, and for supporting one end of the 

dragon beam. 
Arc Any small portion of a curve ; but in a circle an arc is 
. any portion of the circumference. 
Arch. In masonry, a mass of wedge-formed stones, supportr 

ed at the extremities by hutments, and supporting each other 

by their mutual pressure. 
Arch Stone. One of the stones of an arch. 
Architrave. The lowest part of an entablature, and that which 

rests upon the columns. 
Arris. The line in which two surfaces meet. 
Auxiliary Rafters. Pieces of timber framed in the same 

vertical plane with the principal raflers, under and parallel to 

them, for giving additional support to the truss. They 

are sometimes called principal braces, and sometimes cush- 
ioned raflers. 
Axal Plane. A plane passing along the axis. In domes, all 

the axal planes are perpendicular to the horizon. 
Axal Section. The section of a body through its axis. 
Axis of a Cone. A right line passing from the vertex to the 

centre of the base. 
48 



Axis of a Cisive. A right line which bisects all the ordinates. 
Axis of a Cylinder. A right line passing through the solid 

from the centre of one of the circular ends to the centre of 

the other. 
Axis of a Dome. A right line perpendicular to the horizon, 

passing through the centre of its base. 

Back of Hip. The angle formed in the upper edge of it, in 
order to make it range with the two adjacent sides of the 
roof. 

Back of a Rafter. The upper face of it, which ranges with 
the inclined plane of the roof. 

Base. The lower line of a figure, or the lowest face of a 
solid. 

Base Line. The linff upon which a figure is supposed to 
stand. 

Base of a Cone. The circular end opposite the vertex. 

Base of a Cylinder. Either of the two circular ends. 

Base of a Prism. Either of the parallel ends. 

Base of a Pyramid. The figure which is joined at the ver- 
tices of its angles to the summit, by straight lines separating 
every two of its sides. 

Battering Wall. A wall of which the upper part of the sur- 
face falls within the base. 

Beam. A piece of timber in a horizontal position, some- 
times performing the office of a strut, and sometimes the 
office of a tie. All horizontal pieces of timber are, how- 
ever, not called beams, as wall plates, which are sup- 
ported throughout the whole length, so that a horizontal 
timber, in order to be a beam, must not be everywhere sup- 
ported. 

Bearer. Any piece of timber that supports another. 
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BcDS OF A Stonk, in Walling. Those horizontal faces which 

form the sides of the joints. 
BcTEL Bridge. A bridge in which the axis of the cylindietic 

suriace is not at right angles to the face. 
Bisect. To divide any thing into two equal parts. 

Board. A substance of wood generally contained between 
two parallel planes. Boards are formed by the operation of 
the pit-saw or saw-mill, by slicing a log into a number of 
parts, either of the same or various thicknesses. 

Bond Timber. All the timber that is built in the walls of a 
house for the purpose of fixing the internal finishing, is call- 
ed by the name of bond timber, or timber in bond; the 
pieces employed for this purpose are quarterings about the 
thickness and breadth of a brick. It is the shrinking of the 
bond timbers that mostly occasions the bulging of walls. 

Braces. A slanting timber used in truss partitions, or framed 
roofs, so as to reduce the length of the timber to shorter 
bearings. 

BREAriNG DOWN. The dividing of deals or the trunks of trees 
into boards. 

Bressummer or Brest-summer. A beam for supporting the 
superincumbent part of an outside wall. 

Bridge tgpon an oblique Plan, See Bevel Bridge. 

Bridging Joists. T he smallest joists in double floors, and are 
supported by the binding joists. The bridging joists are 
those to which the boarding, for walking updii, is fastened. 

]Bring {tp. To build a yrall to its intended height. 



Camber. A beam is said to camber when it rises on the top 
from each end to the middle, in a straight line, as in camber 
beams. 

Camber Beams. Those used in the flats of truncated roofs, 
and raised in the middle with an angle, and are boarded over 
for suppporting sheeted lead in covering. The obtuse angle 
on the top of the beams produces a declivity from the mid- 
dle to each edge of the flat, and consequently the rain water 
is discharged with great ease. 

Cantilivers. Horizontal rows of timbers, projecting from a 
wall for sustaining the eaves of a roof or supporting a cor- 
nice. 

Canted. A prismatic body. 

Canted Bow Window. A window which has three' or more 
upright faces. 

Cantbnarian Curve. The form of the iron chain wbich sup- 
ports the roadway in suspension bridges. 

Carry up. The same as Bring up. 

Centre. A mould for supporting an arch in the progress oi 
building. 

Centre of a Figure. The point through which a straight line 
may be drawn in any direction, which will divide the figure 
into two equal parts. 

Centre of a Circle. The point from which all right lines 
being drawn, to points in the line surrounding the figure, 
are equal. 

Centre of an Ellipse. The point through which any diam- 
eter must pass. 



Chord. A straight line drawn from any part of an arc to any 

other point of that arc. 
Circle. A plane figure, of which its boundary is everywhere 

at an equal distance from a point within its surface, called 

its centre. 
Circular Arc Any portion of the circumference of a circle. 
Circular Arch. An arch of which the profile is a portion of 

the circumference of a circle, not exceeding the half. 
Circular Roofs. All roofs upon a circular plan are so called. 
Circular Course. A course or Vow of stones in a circular 

wall. 

Circular Edges. Those edges of a stone where two surfaces 
meet in the arc of a circle. 

Circular Plan. A plan of which the exterior or interior 
edges are the circumferences of circles, or any portion of 
them. 

Circular Wall. A wall built upon a circular plan. 

Circumference. The curve line which bounds the area of a 
circle. 

Common Axis. An axis which equally belongs to two or sev- 
eral things, to the axis of a spherical dome belongs to all the 
vertical great circles of the sphere. 

Common Section. When two or more lines or surfaces all 
meet in the same line or point, the line or point is called the 
common section. 

Commou Vebtex. The point in which two or more plane an- 
gles or surfaces meet each other. 

Concave Surface. That in which, if any two points whatever 
be taken, and if a straight line stretched out between them 
cannot meet the surface in any intermediate point, the side of 
the surface on which the line is extended is called the concave 
surface, and the other is the convex surface. 

Concentric Circles. Those that have the same centre. 

Concentric Conical Surfaces. Those that have the same 
axis. 

Concentric Ctlindric Surfaces. Those that have the same 
axis. 

Concentric Spherical Surfaces. Those that have the 
same centre. 

Conic Arch. The arch of a circular headed aperture, applied 
over splayed jambs, as in doors and windows. 

Conic Parabola. That parabola which is one of the three 
conic sections. 

Conic Srctions. The plane figures made by cutting a cone, 
which do not include the triangle nor the circle. These three 
sections are the ellipse, parabola, and hyperbola. 

Conic Surface. The surface of a piece of masonry present- 
ing the whole or a portion of the surface of a cone. In the 
construction of domes and tapering buildings upon a cir- 
cular plan, the beds of every joint are frequently conic 
surfaces. 

Conic Wall. A battering built upon a circular plan, of which 
wall the line of batter is a straight line. 

Conjugate Diameter. The term applied to the least axis of 
an ellipse, being the shortest of all the diameters of this 
•urve. 

CoNSTRucTioif. A drawing or building performed by certain 
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rules, and is the result of the operations by which it was made 
to exist. 

CoKVEx SuBFACE. Scc ConcEve Surface. 

Convex Coi^ical Face. The convex surface of a cone. 

Convex Cyundrical Face. The convex surface of a cylin- 
der. 

Course of Stokes. A row of stones generally placed on a 
level bed. The stones round the face and intradoe of an 
arch, are also called a course of stones. 

Coursing Joint. The joint between two courses of stones. 

Coursing Joint Lines. The edges of the coursing joints in 
the face of the work. 

Curved Edge. A mould with one of its edges curved, in or- 
der to draw a curve line on the surface of a stone, or ascer- 
tain its concavity or convexity. 

Curve Line. A concave or convex line. 

Curve-lined Joints. Those joints which meet curved sur- 
faces. 

Curved Surface. That which is concave or convex. See 
Concave. 

Ctlindretic OBLiquE Arch. Au arch of which the axis of 
the syirface is not perpendicular to tlie face. 

Cylindrical Intrados. The intrados of an arch, of which 
the surface is that of a cylinder, or a portion of a cylindrical 
surface. 

Cylindrical Spiral. A spiral on the surface of a cylinder. 

Cylindrical Surface. The whole or a portion of the sur- 
face of a cylinder. 

Cylindrical Wall. A vertical wall on a circular plane. 

Cylindroidic Wall. A wall of which the surface is the 
whole or a portion of the surface of a cylindroid. 

Close Curve. That which encloses a space. 

Crown Post. The middle part of a trussed roof, being the 
same as King Post, which see. 



Design. A scheme or drawing of something intended to be 
constructed of stone or other material, as the design of a 
house, &c. 

Developable Surfaces. Such as can be extended upon a 
plane ; the surfaces of prisms, cylinders, and cones, are de- 
velopable surfaces. 

De4l Timber. The timber of the fir-tree cut into boards M 
the use of building. 

Development. The extension of a surface upon a plane, 
so that every point of the surface may coincide with the 
plane. 

Diagram. Any scheme gr geometrical construction of a prop- 
osition. 

Dimensions. Such measures of extension as will be sufficient 
to ascertain the superficies or solidity of a body, or to con- 
struct a surface or solid. 

Double Curvature. A eurve of which its parts cannot be 
brought into one plane. 

Double Ondinate. Two equal ordinates of a curve in a 
right line, separated by another right line called the M^ 
»ei$$a. 



Douelle. The surface of a stone, intended to be that which 
is to form a portion of the intrados of an arch. 

Dormers. Windows in a roof having their glass frames in 
vertical planes above the inclined plane of the roof. The 
whole of a dormer is similar' to that of* an entire simple 
building, which terminates in a roof sloping from both 
sides. 

Dove-tail. The form of indenting the end of one piece of 
timber into that of another, when the two pieces are required 
to form an angle with each other, by which they are fixed 
in the roost secure manner to each other. One part con- 
tains the dove-tail tenons, and the other the dove-tail mor- 
tices. 

Dove-tail Notch. A notch of a wedge-like form. 

Dragon Beam. A beam under the hip rafler in the same ver- 
tical plane to which the foot of the rafter is fixed. The 
dragon beam is frequently supported at the angle upon the 
return of the two wall plates, and at the other end upon an 
angle tie. The dragon beam is sometimes extended under 
the whole length of the hip, and in this case it is fastened 
to the tie beam, and called the sub-kip. Its use is to prevent 
the hip rafters from flying out at the bottom. 

Draught. A grove or rebat, sunk in a stone for the purpose 
of directing its reduction tp the required surface. 



Ellipse. A close curve which may be divided into two equal 
and similar parts by a diameter drawn in any direction ; 
moreover, the semi-ellipse, terminated by either axis, may 
be divided into two symmetrical parts. 

Elliptic Arc Any small portion of the curve of an ellipse. 

Entertice. See Intertie. 

Equatorial Circumference of a Dome. The circumference 
at the base of a hemispheric dome. 

EQUILATERAL Triingle. Ouc having three equal sides. 

Exterior Cylindric Surface. The curved surface of a cyl- 
inder, whether solid or hollow. 

Extra DOS. The outer surface of an arch. 

Extradosal Arc. The outer curve of the section of an arch. 



Focus. One of the two points to which a string may be fixed 

so as to describe the curve of an ellipse. 
Foot. An extension containing twelve inches. 
Figure. Any area enclosed on all sides. 
Figures of the Faces of a Stone. The two beds, the face 

or faces, and the vertical joint or joints. 
Feather-edged Boards, Boards whose edges are wrought 

to an acute angle, one side of which is parallel to a side 

plane of the board. These are generally used in weather 

boarding, which, in temporary buikiing, is substituted for 

slating. 
Fir Pole. Small trunks of fir-trees, fVom ten to sixteen feet 

in length, used in rustic buildings and out-houses. 
FiLLiNG-iN Pieces. Timber less than the full length, as the 

jack rafters of a roof, the pieces of quartering in partitiooB, 

which terminate at one end upon the braces. 
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iTotmOAiioNs. A preparation of piling) and a grated timber 
flooring for btiilding upon, where the etrocture to be raised 
IB heavy, and where the gfround is not aufiiciently solid to 
bear its weight. 

pLooK. AH the timber which is necessary to support the board- 
ing ibr yralking on. See Naked Flooring. 

Fur RINGS. Slips of timber nailed to the joists or rafters, in 
order to bring them to a level, and make them range in any 
required surface ; as when a floor is to be laid, the surface 
must be level, and if the backs of rafters are to be furred, 
then the surface must be that of an inclined plane. Furrings 
are chiefly used in the repairs of old buildings, frequently 
under the ceiling joists. 



Geometrt. The science which explains* and the art which 
shows, the construction of lines, angles, plane figures, and 
solids. 

Geometrical Elevatioic. An orthographical projection of 
an object of which the surfaces are plane figures, either par- 
allel or perpendicular to the plane of projection. 

Girder. A beam for supporting the ends of the binding joists 
in a floor, where the bearing is of too great extension for 
the binding joists in one length, and consequently the gird- 
er supports the binding joists on each of their vertical 
sides. If the girder is made of wood, it is cut into mor- 
tices, and the ends of the binding joists into tenons, which are 
inserted in the mortiiSes ; and thus one end of the binding 
joist is secured, while the other end rests upon a wall or 
partition. If the material of the girder be iron, a flanche is 
made to project, in order to support the binding joists, which 
in this case may be either of wood or iron. 

Gothic Arch. An arch of which the^tWo sides of the intra- 
dos meet in a point or line at the summit. 

Gothic Isosceles Arch. A pointed symmetrical arch, of 
which the springing lines are in the same level. 

Ground Plate or Sill. The lowest plate of a wooden build- 
ing for supporting the principal and other posts. 

Groved Notch. A recess of a rectangular, form on one side, 
of a piece of timber, for receiving a corresponding prom- 
inence. 

Ground Line. The straight line upon which the vertical 
plane of projection is placed. 



Hammer Beam. A beam in a Gothic roof, not extended to 
the opposite side. • 

Heading. The vertical side of a stone perpendicular to the 
face. 

Heading Joiitts. The thin stratum of mortar comprised be- 
tween the vertical surfaces of two adjacent stones. 

Helix. A spiral winding round the surface of a cylinder. 

Horizontal Joint. The same as the bed. 

Horizontal Plane of Projection. The plane which con- 
tains the plan of an object or its horizontal projection. 

Horizontal Projection of an Object. The same as the 
plan of the object 



HoBjrcovTAL Trace. The i&tenection of any jdane and the 

horizontal plane of projection. 
Htfeebola. An open curv^, being one of the three conie 

sections of which the curve will never meet a certain li^fai 

line. 
Htfothenuse. The longest side of a right-angled triangle. 



Inclination. The angle contained between a hne and a pkncy 
or between two pla es. 

Intersection. The point on which two lines meet or cut 
each other ; the line in which two surfaces cut or meet each 
other. 

Intertie. a horizontal piece of timber framed between two 
posts, in order to tie or fix them together. 

Intrados. The inner curve of an arch. 

Intradosal Curve. The inner curve of the profile of ui aith. 

Intradosal Joints. Those joints which are seen in the in- 
trados of an arch. 

Irregular. A term expressing the inequality of the sides and 
angles of a body. 



Jack Timber. A short timber fastened at the ends to two 
timbers which are not parallel, or to two timbers which 
actually meet in a point, as to the wall plate and hip 
rafter of a roof, the braces and heads or cells of parti- 
tions, &c. 

Jack Rafters. Those jack timbers which are fastened to the 
hip rafter and the wall plates. 

Jack Ribs. Those jack timbers or parts of curved ribs which 
are fastened to the angle ribs, and rest upon the wall plates in 
groined or doomed ceilings. 

Joggle Piece. A truss post with shoulders and sockets for 
abutting and fixing the lower ends of the struts or braces. 

Joining. The act of fixing one piece of timber to another, 
according to any required mode ; the joinings of timber 
are very numerous, as dove-tailing, cogging, mortice and 
tenon, &c. 

Joints of a Stone. The mortar comprehended between the 
adjacent sides of two stones and the face of the work. 

Joists. Those beams in a floor which either immediately 
sustain the boarding, or are necessary in supporting ihe 
boarding or ceiling, as binding joists, bridging joists, ceil- 
ing joists: the girders are however to be excepted, as an- 
swering the purpose of a wall, and are therefore not called 
joists. 

Juffbrs Stuff: About four or five inches square, and of sev- 
eral lengths. This term is out of use, though frequently to 
be met with in old publications, which treat of the Art of 
Building. 

Ket Course. The horizontal ran^ of stones in the summit 

of a vault, in which the course b pWced. 
Key Stone. The stone which appe» in the front and in the 

summit of an arch. > 
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Kerf. The way made by the saw in dividing timber. 

KiKo Post. The middle post in a roof. Its office is to sup- 
port the tie beam and the struts which either support the 
middle of the principals, or support the principals in part. 



Leo of a Right Angled Tbiaitgle. One of the three sides 
which contain 4he right angle. 

Leo of a Trehedral Angle. Either of the two planes of a 
righ trehedral angle, which contain9 the right angle. 

Line in Space. Any line of which the projection is required 
but not in the plane of projection. 

Line of Batter. The line of section made by a plane and 
the surface of a battering wall, the plane being perpendic- 
ular both to the surface of the wall and to the horizon. 

Lintel. The stone which extends over the aperture of a 
door or window. 

Lintels. Short beams over the heads of apertures for sup- 
porting the inside part of a wftll over an opening, the part 
on the outside being supported by an arch or long stone ; 
and this support of the lintels is necessary when the wall 
over the head of the window on the inside is made of stones 
or bricks, which are not sufficient to reach from side to side, 
or from jamb to jamb. 

Luthorn. The same as Dormer, which see. 



Mason RT. The art of constructing buildings of stone. 
Meridiana. The curves and the surface of a dome made in 

vertical planes. 
Meridional Arc. A portion of the meridional curve of a 

dome. 
Meridional Joint. The vertical joint of a vault, of which 

the horizontal sections are all circles. 
Mortice and Tenon. A method of joining two timbers by 

cutting a hollow prism or recess from a face near the end of 

one of the timbers and a coresponding projecture at the end 

of the other. 



Naked Flooring. The framing of one or more rows of 
equi-distant timber-beams in horizontal planes, for support- 
ing the boarding for walking upon. The timbers employed 
are called by the general name of joists ; other strong 
beams called girders are sometimes introduced. The joists 
have diiferent names, according to the office they have 
to perform, or the situation in which they are placed. 
Single or common joists are employed in the construction 
of common floors, which consist of only one row of joists. 
Binding joists are employed in the best description of 
floors, along with other joists, called bridging joists, and 
ceiling joists, which altogether make a grated frame of tim- 
ber work : the bridging joists, which are the strongest tim- 
bers, are placed in the middle row, with the binding joists 
above and the ceiling joists below, and support both the 
bridging and ceiling joists. The bridging joists are notched 

a certain portion of their depth upon the binding joists, and 
49 



the ceiling joists are most commonly done in the same man- 
ner ; the notches, in order to preserve the strength of the 
binding joists, are only cut from the edges, but in the bridg- 
ing joisu the notch is cut through the entire thickness* 
In floors of great extent, girders are introduced, and the 
binding joists are framed into each side of the girder. The 
top of the girder is generally below the level of th« top of 
the bridging joists. The ceiling joists are generally nailed 
up to the under side of the binding joists, fonning by their 
under edges a level surface for nailing the lath, which is to 
sustain the plastering of the ceiling. Binding joists are 
placed at the distance of about ibur feet six inches clear ; 
bridging joists, one foot ; and ceiling joists, about fourteen 
inches. 

Normal. A right line perpendicular to a curve. 

Notching. A hollow cut from one of the faces of a piece of 
timber, generally of a rectangular form« 



Oblkiue Angles. Adjacent angles, of which their line of 

separation is not perpendicuiar to the base. 
OsLTqcE Arch. A cylindric arch, of which the axis is not 

perpendicular to the face. 
0BL1Q.UE Bridge. A bridge which crosses a river, and of 

which the faces of the arch are not perpendicular to the 

direction of the stream. 
Oblique Cylinder. A cylinder of which the axis is not per- 
pendicular to the circular ends. 
Oblique Ctlindroid. A cylindroid in which the axis is not 

perpendicular to the two bases. 
Oblkiue Plan. A parallelogramic plan, of which the^ sides 

are not at right angles. 
Oblique Trehedral. A trehedral of which the angles 

contained by any two of its faces are not a right angle. 
Open Curve^ That which does not enclose an area. 
Ordinate. A right line comprised between a curve and its 

abscissa, and is parallel to a tangent at the extremity of this 

abscissa. 



Parabola. An open curve, being one of the three conic 
sections, of which both of its branches may be extended in- 
finitely without ever meeting. 

Parallel Right Lines. Those which can never meet. 

Parallelogram. A quadrilateral figure, of which the op- 
posite side are equal and parallel. 

Parallels. The same as parallel right lines. 

Parameter. The ordinate of a conic section, which passes 
through the focus perpendicular to the axis. 

Perpendicular. A right line perpendicular to another right 
line or to a surface. 

Perpendicular Surface. A surface peipendicniar to a 
right line or to a plane. 

Pitch op a Roop. The inclination of the plane of the roof 
to the wall head. Hence the pitch of the roofs is greater 
or less, aaoording as the base of the mof cnntaina the heiirht 
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a less or greater number of times. The usual pitch is that 
in which the height is one-third or one-fourth the breadth of 
the building. 

Plake. a surface in which all the points of a right line will 
concide. 

Plane Angles. Those drawn upon a plane surface. 

Plane Curve. That which has all its parts in one plane. 

Plane Wall. A wall of whicK the surface is a plane. 

Plane of Projection. The plane on which an object is to 
be represented. 

Planks. All boards above one inch thick are called planks. 

Plate. A horizontal piece of timber in a wall, or upon the 
top of a wall, for resting the ends of beams, joists, or raft- 
ers, and is therefore denominated a floor or roof plate accord- 
ingly. The plate on the top of the wall is called the Raising 
Plate. 

Pole op a Dome. The summit or upper extremity of the axis. 

Position. The situation in which one thing is placed in re- 
spect of another. 

Posts. Hectical pieces of timber, as truss posts, door posts, 
&c. 

Prick Posts. Intermediate posts in a wooden building, 
framed between the principal posts. 

Principal Posts. The corner posts of a wooden building. 

Prism. A solid bounded on the sides by purallelograms, and 

on the two remaining faces by polygonal figures in parallel 

planes. 
Problem. A proposition which proposes something to be 

done. 
Projectant. The distance of a point from its projection. 
Projection. The art of finding the representation of a point, 

line, surface, or solid. 
Propobtion. The parts of two things, so that the whole of 

the one may be to any one of its parts, as the whole of the 

other is to jts corresponding part. 
Puncheons. Any short posts of timber, as the small quar- 

terings instead of partitions over the heads of doors. 
PuRLiNEs. The timbers which support the spars or common 

rafters of a roof. 



c. 



Quadrant. The fourth part of a circle. 
Quantity op Batter. The angular distance between the 
plumb-line and the line of batter. 



Radius. A right line, of which if one end be fixed in a cer- 
tain point, the other, if moved round, may be made to coin- 
cide with all the points of another line, or with the points of 
a surface. 

Radius op a Circle. Any right line drawn from the centre 
to the circumference. 

Radius op a Cylinder. The radius of a circle which is the 
profile of the cylinder. 

Radius op a SVhere. The right line extending from the cen- 
tre to the surface. 

Radius op Curvature* The radius of a cifde which has the 



same curvature as the curve at the point to which this radi«0 
belongs. 

Radiating joints. Those joints which tend to a centre. 

Rafters. All the timbers in the sides of a roof which are in 
vertical planes, and parallel to the covering of the roof^ 
and are generally in pairs similarly and symmetrically dis- 
posed, 80 as to recline from each opposite wall at the same 
angle of inclination. , 

Raising Plates, or Top Plates. Those plates which support 
the ends of the tie beams. 

Raking Mouldings. Mouldings which run in an inclined 
position. 

Rear Line. A line on the back of any object. 

Rebated Notch. A prismatic recess made by taking away a 
part of the wood, at one of the angles, generally in the direc- 
tion of the fibres. 

Regulating Line. A line which fixes the position of other 
lines. 

Retreating Sides op the Joints. Those which recede from 
the surface. 

Right Angle. An angle of ninet5^degree8. . 

Right Arch. An arch of which th^intradoa is perpendicular 
to the face. 

Right Cone. That of which its axis is perpendicular to the 
base. 

Right Section. The section of a body at right angles to the 
axis. 

Right Trehedral. A trehedral having one of its angles a 
right angle. 

Ring Stones. The stones which appear in the face and intra- 
dos of an arch. 

Ruler Surface. A curved surface on which two parallel 
straight lines may be drawn through any two given points. 



Section. The figure formed by cutting a solid by a plane. 
Segment. The part of a surface or solid containing the upper 

extremity or summit. 
Segment op a Circle. A portion of the circle contained by 

an arc and its chord. 
Segment of an Ellipse. A portion of an ellipse contained 

by a part of the curve and its chord. 
Segment of a Cylinder. A portion cut off by a plane paral- 
lel to the axis. 
Semi-axis Major. The longest diameter of an ellipse. 
Semi-axis Minor. The shortest diameter of an ellipse. 
Semi-parameter. Half the parameter, or the focal ordinate. 
Semi-Cylinder. The half of a cylinder contained by the 

curved surface and plane passing along the axis. 
Semi-cylindric SuapACE. , The whole or a portion of the 

surface of a cylinder. 
SeveAies. The compartments of grained ceilings. 
Shingles. Thin pieces of wood used for covering, instead of 

slates or til. 
Similar Figures or Bodies. Those which are of the same 

shape. 
Sleepers. Timbers laid upon dwarf walls for supporting the 
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grtmnd joists of floors. This term was formerly applied to 

the valley rafters of a roof. 
Sleepers. Cross timbers for fixing the planking, where it is 

necessary to pile under, in order to make a secure founda- 
tion. 
SorriT. The under surface of any part of a ceiling. 
SorriT JoivTB. Those joints which appear on the under sur- 

^face. 
Solid. Any body whatever. 
Solid Angles. Angles in which three or more surfaces all 

meet in one point. 
Solid Geometry. The consideration of the properties and 

construction of solids. 
Solid of Revolutioit. That which may be generated round 

an axis. 
Spars. The common rafters of a roof for supporting the tiling 

or slating. 
Spherical Dome. A dome having a spherical surface. 
Spherical Niche. A niche of which the surface of the head 

is spherical. 
Spherical Triangle. A triangle of which the surface is 

spherical. 
Spiral Curves. Those consisting of one or more revolutions. 
Spiral Joints. Those joints which run in spiral lines. 
Spiral Surface. A ruler surface, of which the direction of the 

straight line tends to an axis. Such are soffits of winding 

stairs. 
Splayed. A bevelled jamb. 
Springing Plane of an Arch or Vault. The plane from 

which the first arch-stones rise. 
Squaring a Stone. The form to which it is made in order to 

apply the moulds so as to obtain its ultimate form as inserted 

in the building. 
Stancheons. The same as Puncheons, which see. 
Stone-cutting. The art of reducing stones to tlieir intended 

form. 

Straight edge. A rule with a straight edge for trying a sur- 
face. 

Straight Vaults. Those which have their axis straight 

Straight Walls- Those which have plane surfaces. 

Struts. Timbers which support the middle of the principal 
rafters, or aid in supporting them. The struts are them- 
selves supported by the posts "upon oblique abutments, which 
are made on the lower ends of the posts to receive the lower 
abutting ends of the struts. 

Summer. A large beam in a building, either supporting the 
superincumbent part of a wall, in which case it is called a 
bressummery or supporting the binding joists of floor, when 
it is called a girder. 

Surface of Revolution. Such as may be generated round 

an axis. 
Surmounted Arch. An arch or vault of greater height than 

half its width. • 



T ALLus Line. The battering lint of a wall. 
Tangent. A straight line which touches a curve without be- 
ing able to cut it. 



TAiraERT Plane. A plane which touches the curved surftice 
without being able to cut it. 

Templets. Short pieces of timber placed in a wall under the 
endof a girder for distributing the pressure along the wall 
more equally, and for this reason they should be sufficiently 
long. 

Tenon. The projecture on the end of a piece of timber, fitted 
to a mortice which is to receive tjie tenon. 

Tie. a timber placed in any position performing the office of 
a string, in order to secure the distance of two things which 
have a tendency to recede from each other. 

Timbers. A general name for a piece of wood employed in 
performing some office in the construction of a building. 

Third Proportional. The fourth term of four proportions ; 
when the two middle terms are equal, it is called a third pro- 
portinal. 

Traces of a Plane. The intersections of an oblique plane_ 
with the horizontal and vertical planes of projections. 

Transverse Axis. The longest diameter of an ellipse. 

Trehedral, a solid angle consisting of three plane angles. 

Triangle. A figure consisting of thfee sides. 

Trimmers. Those pieces of joists for supporting the ends of 
other joists, as tiiose opposite fire-places, in order to make 
a way to receive the slab before the fire-place. Or trimmers 
are those joists at the beginning of a landing for supporting 
the ends of trimming or other joists. 

Trimming Joists. Those which support each end of a trim- 
mer, viz. those on each side of a fire-place. Trimming joists 
ought therefore to be much stronger than common joists. 

Truss. A frame of timber work, capable of being suspended 
between two supports without sagging or descending on any 
part. Trussed frames are employed in partitions and roofs. 

Truss Roof. A roof formed by trussed frames, lor the pur- 
pose of being capable of sustaining its own weight, or to 
resist any adventitious pressure. 

Truncated Roof. A roof in the form of the frustum of a 
pyramid or wedge, when the sides generally slope at equal 
angles with the wall head or base of the roof. 

Truss Post. Any of the posts of a trussed roof, as king post, 
queen post, or other posts into which the braces of a truss 
partition are fixed. 

Tusk. The beveling shoulder above the tenon in binding 

joists. • 

Trying Edge. The edge of a rule for trying a given surface. 
Timber is generally denominated round, and square. Ton 
timber is that which is sawed or hewn ten inches square, or 
more; it ia reckoned forty cubic feet to a ton. Ranging tim- 
ber is that which measures less than ten inches across the 
end, and reckoned according to linear measure. 

Uniform Conic Surface. The surface of a right cone. 

Uniform Ctlindric Surface. The surface of a right cylin- 
der. 

Upper Bed op a Stonb. The side of the stone that comes in 
contact with that above it. 

Valley Rattbe. That which is disposed in the internal an- 



196 



TECHNICAL TERMS USED IN MASONRY AND BUILDING. 



gle of a roof, viz. iotenial angle as Been from some point 
abore the roof. These rafters ought to be much stronger 
than hip rafters which resist any weight laid on the top, 
diBt will not crush them without having any teodencj to bind 
them ; while the amallcet force applied upon a valley rafter 
will make it descend proportionally to the weight applied. 

Vault. A concave ceiling. • 

Vbbtki. The summit of anything. 

Vektei or J Cove. The point in which the eurface ends. 

Vbbtical Angle. The opposite angle. 

Vbbtical or a Batteb. The perpendicular distance. 

Verticai. Plaite. a plane perpendicular to the horizon. 

Vbbtical Plahe of Phojectioh. The plane on which the 
elevation is made. 



Vebticai Pbojectaht, The distance of a point frtmi ita 
projection, in the horizontal plane of projectioD. 

Vertical Pbojbction. The elevation of an object 

Vebtical Tbacb. The trace of a plane in the vertical plane 
of projection. 

Vertical Wall. Aq upright waL 

Wall Plates. Those plates either built in the wall for sup- 
porting the joists, or those which are laid upon the top of 
the wall for supporting the tie beam ; when employed for 
supporting the roof, they aie called raising plates, or top 

Wall ih Tallus. A battering wall. 
WiHDtRo Joints. Spiral joints. 
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RULES OF WORK, 



ORIGINALLY ADOPTED BY THE CARPENTERS OF THE TOWN OF 

BOSTON, IN 1774: 

Revised in 1800, and now generally approved and consulted as a correct standard of 

'PRICES OF CARPENTER WORK.' 



These Rules were again revised in 1820 ; hut the revision of 1800 is in most general use, and therefore has 

been preferred. 
The prices as here fixed are predicated on the presumption that the work measured is to be done in a thorough 

workman-like manner ; otherwise a deduction is to be made according to the judgment of the Surveyor. 



• Framing Floors of all kinds. 

Framing biick or wooden house floors, with 
summers or plank, from 10 to 12 inches deep, 
at per scjuar i 

And where the summers or plank are deep- 
er, for every inch depth, add per square 

Framing Sides and Ends. 

Framing sides and ends, wlure the girts are 
from 10 to 12 inches deep, and the posts not 
less than 7 nor more than 10 inches square, at 
per square 

Small Framing. 

Framing small fram?s, such as wood-house, 
he. of sn all timber or large joist, including 
the roof, at per square 

Framing hips and gutters, at per foot 

Framing Roofs. 

Framing a plain pitched roof, with rafters of 
8 inches deep, at per square 

Framing a plain gambol roof, with timber 
of the above siee, including collar beams, at 
per square 

Framing a hip'd roof, with rafters of 8 inches 
deep, at per square 



$ eta. 



1 33 



13 



1 33 



1 25 
12^ 



1 50 

1 91 
I 76 



And where the rafters are more than 8 inches 
deep, add for every inch in depth, per square 

And all beams under hips whole framing, and 
all others half framing ; and if any joists are let 
into dit., at per square for dit. 

Rafters framed with one king post, half framing ; 
rafters framed with one king post and two braces, 
whole framing. Rafters framed with king post, 
two struts and two braces, add one-fourth. If 
more work in any of the above, add in the same 
proportion. 

Framing gutters and hips, at per foot 

Framing flat roofs with beams on a curve, at 
per square 

Framing flat trussed roof, with regular pitch, 
including beam and hip rafters, at per square 

Framing JtEddles. 

Laying out middles for stores with one sum- 
mer 

dit. dit. with two summers 
dit. dit with three summers 
Putting on floors, hewing and planing timber, 
scaflblding, shoring, sawing and shooting plank, 
for framing, collecting materials, stocking boards, 
hewing and laying sleepers, to be paid for by the 
day. 

Raising wooden house frames, and putting on 
all roofs, to be paid for by the day. 



$ et$. 
13 



50 



25 



1 54 



1 



I 50 
2 
3 
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$ ets. 

Rough Boarding* 

Rough boarding, per square 50 

If shot dit. 76 

If feather edged dit. 83 

If rabbeted dit. 1 12 

If 00 a roof more than tv^o stories high 1 

If grooved with match planes 1 83 

Boarditig hips and gutters, at per foot 6 

Laying rough floors, at per square 58 

If shot and well laid, dit. 83 
Laying rough plank floors with hewed joists, 

at per square 1 50 

If shot, at per dit. 1 76 
If planed suitable for store floors, at per square 2 50 

Window Frames ofaU kinds. 

Making a window frame to contain 24 panes, 
or less, of 6 by 8 glass 

If for 7 by 9, or 10 by 14 

If 8 by 10, or 11 by 15 

If 12 by 18 

If 13 by 21 

If larger, add in the same proportion. 

If any of the above are sunk from 3 to 4 inches, 
add 

If plain OGEE, add 

If double moulding, add 

If cased to receive shutters •utside, add 

If dpuble architrave, add 1 

If solid flat cap, worked with lip and ogee, add 40 

For setting any of the above, add 25 

If any of the above frames have a circular 
head, add for dit. 

For setting dit. add 

If ogee on dit. add for the sweep per foot 

If double architrave, add for the sweep per foot 

ir the stool is rabbetted, add 

A plain Venetian window frame, the centre 
part of which to contain not more than 12 panes 
of 12 by 18 glass 

If larger, add in proportion. If to receive 
pilasters 8 inches wide or less, and an entablature 
from 7 to 1 5 inches wide, add 2 

For setting dit. 50 

For a plain bow window, to contain not more 
than 30 panes of 18 by 12 glass, or less, at per 
frame 

If larger, add in the same proportion. 

Setting dit. to be paid for by the day. 

Boxing any of the above frames 25 

For letting in iron or brass box pullies, each 6 

Making a cellar window frame, (with bars 
put in) from 2 to 3 feet from out to out 1 

If larger, add in proportion. 

Setting dit. 25 



1 25 
1 60 
1 71 
1 83 
1 96 



26 
33 
40 
50 



1 50 

37 

9 

30 

25 



6 25 



Making plank lintels, each 

Making centres, to be paid for by the day. 

Window Caps outside. 

Equal to the Tuscan order 
Equal to the Doric or Corinthian 
Equal to the Ionic 
Equal to the Composite 

Sashes ofaU kinds^ and Hanging dit. 

Making sashes 7 by 9, or 8 by 10, with ovolo, 
per light 

If larger each way, per inch 

Nosing sashes, add one-fourth to the prices of 
ovolo sashes per light. 

Plain sashes 6 by 8, 7 by 9, or 8 by 10 glass, 
per light 

Hanging sashes single, with line or hinges, per 
window 

Hanging dit. double with 4 laths, and 4 weights 

Sashes in bow windows, add 100 per cent, per 
light. If in two saahes, add 150 per cent, per light. 

A true sweep sash, from a segment to a semi- 
circle, per light 

If Ellipsis 

Clapboarding, Butting and Scribing. 

For shooting Clapboards, per hundred 
Planing dit. per dit. 
Laying dit. per dit. 

Scribing on Shingles, at per foot 
Plain scribing, and butting, per foot 



9 ets. 
17 



2 
4 

2 50 
5 



8 
1 



17 
50 



38 
50 



25 
1 25 

1 50 

8 
2 



Shingling CrippelSf (hitter Boards, and Weather 

Boards. 



Laying shingles, per square 

Shingling hips, per foot 

Shingling gutters, per foot 

Building crippels behind chimnies, at per foot, 
measuring on the ridge 

Ripping up old shingles and clearing the nails, 
at per square 

Half gutter boards, per foot 

Whole gutter boards, per foot 

Plain weather boards, 6 inches wide or under, 
at per foot 

If wider, add for every inch in width more 

If ogee on dit. 

If plancere 

Hip ridge and eave pieces for slating, at per foot 

Facia under Eaves. 

If 6 inches wide, or under, per foot 

If wider, for every inch in width, add per foot 



1 50 
10 
18 

33 

33 
2 
4 



i 

8 

12 

6 



6 
i 
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OGEE, on dit, per foot' 
ir single cornice on dit. 
If dentil cornice on dit. 

Water TableSy Corner Boards^ and Saddle 

Boards. 

Water tables of plank, 6 inches wide or under, 
at per foot 

If wider, add for every inch in width 

Water lahles of limber, worked with a moulding 
at per foot 

, Corner boards, double, 6 inches wide, or under, 
per foot 

If wider, add for every inch in width more 
per foot 

Corner boards, single, half price of double. 

Saddle boards at per foot, run 

If made of plank 

Rustic Comers^ Fronts^ Plain Sheathing 

and Belts. 

Rustic corners, including the ground work, at 
per foot, superficial 

Rusticated fronts at per foot dit. 

Butting and scribing dit. at pe^foot, run 

Plain sheathing with 1^ inch stuff, at per foot, 
superficial 

If I inch stuff' dit. * dit. 

Butting, scribing, and milring 1| inch stuff, at 
per foot, run 

Butting, scribing, and mitring 7 inch stuff, at 
per foot, run 

Bells from 7 to 12 inch, wide per foot, run 

If moulding underneath, add for dit. p. f. run 

Trunks and Gutters. ' 

Making a square trunk at per foot 
Milking a round trunk per foot 
Single cornice head to square trunk 
Dentil cornice and npckin^ to dit. 
Solid cornice gutters per foot, run 
If rabbeted to lodge on bricks, add per loot 
Plain cant gu'ters per foot 
Cant «;uuers worked with cornice 
Ptiiting up trunks and gutters to be paid for by 
the day. 

Casing J Coving, and Cornices of all kinds. 

Casing coving with piancere and facia only at 
per foot, run 

Sin<;le cornice at per dit. 

Tuscan dit. at per inch in height, for every 
foot, run 

Doric and Corinthian cornices from 5 to 7 
inches, per foot 

For every inch in height morei add per ioch 

61 



$ 



ets. 
2 
6 

18 



6 
i 

18 

10 

i 

8 
10 



21 

13 

6 

13 
10 



5 

10 
6 



8 
12 
i>0 

18 
1 
9 

12 



16 

8 



73 

4 



If a double fret dentil 

For every inch in height more, add 

Ionic cornice from 6 to 7 inches per foot 

For every inch in height more, add per foot 

Composite cornice from 5 to 7 inches at per foot 

And for every inch in height, add 4^ cents fojr 

every foot. 

Single cornice with fluted frieze and astragal 

neck, from 5 to 7 inches ptr foot 

For every inch in heigfu more, add per inch 
Block cornice from 5 to 7 inches per foot 
For every inch in height more, add per inch 
Gothic cornice with modilliou and chain dentil 

from 5 to 7 inches per foot 
If a gutter, add per foot 
For every inch in heigt)^ more, add per inch 
Gothic dit. without niodillion from 5 to 7 inches 

per foot 

For every inch in height more, add per inch 
Gothic dit. without fret and with modillion 

from 5 to 7 inches per foot 

For every inch in height ntore, add per inch 
Composite cornice with modillion, and the 

frieze to be ornamented from 5 to 7 inches, at* 

per foot 

For every inch in height more, add 



« ets. 
75 

3 
76 



35 

4 

37 

4 

75 
12 

4* 

55 
2 

60 
3 



67 
3 






If any of thA abnvc corniceB have a regular frieze and architrave, 
add per foot one third the price of the ci>riiice ; except the Doric, 
which add one half the price per foot of the cornice. All mitres and 
scribes equal to a foot of corni^. 

Outside Pedestals and Pilasters. 

Plain pilasters, including base and necking, at 

per inch in width 50 

Fluting columns and pilasters, add per inch 20 

Tuscan pedestal, at })er inch in width 20 

Doric dit. dit. dit. S5 

Corinthian dit. dit. dit. 28 

Ionic dit. dit. dit. 25 

Composite dit. dit. dit. 30 
If for pilaster, or f column metisure, one face ; 
if for a whole column measure, 2 faces. 

: Lulhern Windows. 

Hip'd luthern window boarded, with single 

cornice broke round dit. 3 

Pitched pediment with cornice and bed 

mould broke round dit. 6 

Dit. dit. with dentil cornice 8 

Dit. dit. with circular head 10 

Turrets. 

Small diamond work, superficial 13 

Turrets with board rails morticed in posts 30 

Plain posts and rails with piancere per fooC 17 
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Dit. posts morticed, rails made with boards, and 
moulding under plancere per foot 
If plank rails 

.Diamond work turrets at per foot, run 
Chinese dit. at per foot, run 
Balust ade straight work at per foot, run 
Dit. broke over posts at per dit. 

Frontispieces, and Porticos of all kinds. 

Plain casing doors with plancere, cap, truss, 
architrave, and straight light over the door 

Wiih dentil cornice, fluted trusses, open pilas^ 
ters, and cased for fan light 

With fret, or eye dentil, fluted frieze and trusses, 
and cased for fan light 

Plain Tuscan frontispiece, straight cap, and 
plain pilasters 

Tuscan dit. with pediment, brake and pilasters 

If with columns, add . 

Doric frontispiece, straight cap, plain ground 
and fluted pilasters 

If a pediment, add 

If ru^ic ground, add 

If brake and columns, add 

Ionic frontispiece, straight cap 

If with pediment, add 

Corinthian frontispiece the same as Doric. 

Open pediment, with plain columns, equal to 
the Ionic order 

Open dit. equal to the Doric or Cor. order 

If with columns 

If any of the above have fluted columns, add 

If any of the above frontispieces have rusti- 
cated grounds, add 

Tuscan portico, plain ground, pilasters, and 
columns 

Doric dit. plain ground, pilasters, and fluted 
columns 

Corinthian dit. the snme as the Doric. 

Ionic dit. plain groifnd, pilasters and fluted 
coliunns 

Swelled portico with two columns equal to the 
Ionic order 

Dit. dit. with four columns, dit. dit. 1 

Dit. dit. with six columns, equal to the Doric 
or Corinthian order 

Outnde Door Cases for Brick Walls, 

Plank door cases for brick or stone walls, per 
foot, superficial 

Door cnses made with pine timber, 9 inches 
wide, and 4 inches thick or under, at per foot, run 

Dit. from 9 to 12 inches wide, and from 4 to 
6 inches thick, per foot, run 

If targer, add per inch in width 



$ ct$, 

26 
33 
40 
50 
75 
1 



7 

20 

25 

20 
26 
4 ' 

33 
10 

6 

6 
30 

9 

40 

40 

45 

5 

6 

50 50 

80 

65 

85 
13 

1 50 



8 

15 

20 
2 



If oak thresholds, add per foot for dit. 

Door cases made of hard wood, add 100 per 
cent, for dit. 

Circular heads for door cases per foot without 
architraves 

Outside Cellar Doors. 

Cellar doors, with head, fills and strings, 
slanted to the bouse 

If plank top and bottom, add 

Cellar doors with solid cheeks, plank top and 
bottom 

If with pediment, add 

Rovgh Partitions, Rovgk CtUingSj and 
Rough Furrings, 

Rough partition solid of plank, per square 
Dit. dit. open of dit. per square inclu- 

ding sawing 

If the planks are sawed from 3 to 4 inches in 

width, shot to a width, and set edgewise, per 

square 

Rough furring and rough ceiling, per square 
All circular ceilings to he paid for by the day. 

Insidm Door Cases. 

Inside door cases with framed head 

Rough dit. with stops, and hard wood threshold 

Dit. dit. with stops ana pine threshold 

Casing Outside Doors. 

Edge casing, outside doors on studs including 
Areshold 

For a circular head without architraves 

Casing on outside with plank 

Dit. on three sides, with board casings 

Double Doors, and Shutters, with Boards 
planed to a thickness. 

Doors and shutters with boards planed to a 
thickness, at per foot, superficial 
All kinds of fastenings for dit. each 

Casing Windows. 

Casing five inches wide, or less, at per foot 
For every inch more, in width, add 
Box casings per foot 

Casing Timber. 

Casing timber, at per foot, measuring on the 
corners 

Strips for stopping plastering, per foot 

Planed Partitions, Battened Doors, and 

Shutters. 

Planed partitions of boards on one side, battened 
or matched, at per foot, superficial 



9 cts. 
20 



50 



50 



7 
2 



1 25 
1 



1 50 
1 



95 
75 
67 



1 

1 50 

90 

1 75 



1» 
25 



3 

i 

24 



6 
2 
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9 et$, 

6 

6 

7 



6 
10 
12 
17 
30 
18 

3 
9 



If planed on both .sides 

Plank partiiions, planed on one side, battened, 
or matched, at per foot, superGcial 

Dit. planed on both sides 

All battened doors planed on one side, at per 
foot, superficial 

Dit. on both sides dit. 

The above prices for doors, includes the 
stops. 

All battened shutters the same price as doors. 

Architraves and Mouldings. 

Single face architrave, per foot, running 
Double face dit. per foot, dit. 
Dit. with extra moulding 
Fluted architrave per foot 
Compass double face architrave 
Dit. single face 

OGEE, ovolo or cove, straight work, at per 
foot, run 

Dit. dit. dit. compass per foot 

Inside Door Caps. 

Door cap equaHo the Tuscan order 
Dit. equal to the Doric 
Dit. equal to the Ionic 
Dit. equal to the Corinthian 
Dit. equal to the Composite 

If any of the above Doom are more or len than 3 feet wide, and 7 
feet^igh, add or dedact in proportion. 

Ltside Window ShUters. 

Shutters made with planed boards and ends 

cleated, per foot, run 8 

Two ))ane!led shutters, square joints, at per foot 12 
Dit. with quarter round work, at per foot 15 

Three panelled shutters, with quarter round, at 

per foot • 18 

TTwo panelled shutters, with ovolo, or ogee, at 

per foot 17 

Three panelled dit. with ovolo ; or ogee, at 

pep foot • 23 

Two panelled dit;, with ovolo, or quirk ogee 

sunk panel, and astragal neck, at per foot 20 

Three panelled dit. dit. dit. 23 

Two panelled dit. with ovolo, or quirk ogee,' ' • 

on one side, and bead and flush on the other, per 

foot 24 

Three panelled dit> dit. dit. at per foot ' SO 

if any of the above shutters are bead and but, 

deduct from the two panelled 3 cents, and from 

the three panelled 4 cents. 

Hanging stiles, each 25 

Fitting shutters into box, per window S3 i 



1 76 
3 50 

2 25 

3 50 

4 38 



Shutters, bead and flash on both aadea at per foot the eame price aa 
qnirk ooeb and neck on one side, and bead and flush on the other. 
And if any of the preceding shutters are more than twelve inchM 
wide/to be measured superficial at per foot tha same as ranning. 

The foregoing prices include hanging. 



Fastenings. 

Plain fastenings to windows, each 12^ 

Dit spring fastenings to dit. each 25 

Stairs of all kinds. 

Common rough plank stairs, straight run/ per 
step. ^ 

Dit. if winders 

Planed plai^k stairs, straight* run, at per 
step • 

If winders 

If planed both sides, straight run, per step 

Dit. if winders 

Newel plank add 

If posts and hand rails to either o( the aboye 
stairs, at per foot, Min, for the rail . 16 

Rough stairs of boards, straight run, per 
step 25 

Dit. if winders • 30 

Planed stairs of boards, straight run, plr 
step « 30 

Dit. the winders 3.5 

Back stairs, straight ruo, with mopldrng under- 
neath the step, per step 33 

Dit. if winders 40 



33 
50 

42 
60* 
50 
67 
5 



The above plank stairs are conaidered to be not inore than four feet 
lonff, and tlie board'steps not more than three feet long ; longer, add 
in tbe same proportion. 



Framed stairs, straight run, with banisters and 
risers mitred in the string board, per step 

Dit. if winders per step 

If short platform 

If long platform 

If gallery, per foot 

Bracket stairs made with boards, per 
step 

Dit. with plank steps, and nails hid, per 
step 

If with double bracket 

If cased underneath, add per step 

If short platform 

If long dit. 

Straight gallery, per foot, run 

Working a cotnmon quarter twist rail and cap- 
ping the Grst post 

Working a scroll (including the curtail) 

Working knees, each 



1 
1 



25 

3 
50 



1 25 



1 
1 

2 

4 



4 

10 

1 



55 
75 
75 

75 
50 

77 



50 
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Working mahogsny r&il| per foot, nm 
Cylinder stairs, per step 
dasiDg dit. underneath, per step 
Gallery, per foot 
Circular rail on galleries, per foot 
Working twists in a continued rail, at per 
foot 

Fitting banisters of pine, per dozen 
Dit. dit. of hard wood 



Wainscoting^ Dttdoing Rooms and Stairs. 

m 

Wainscoring rooms from floor to ceiling with 
quarter round work, per foot, superficial 

Dit. with small orolo 

Dit. with quirk ogcii^ and sunk panel, and astra- 
gal neck • 

Low wainscoting in rooms up to the win- 
dows, quarter round work^ at per foot, super- 
ficial 

Dit. jdit. ovolo 

Dit with quirk c^ee, sunk panel and astragal 
neck 

If up stairs, add one third |o their respective 
prices. 

If any of ■ the above wainscoting have frieze 
panels, add to their respective prices one fifth 
part. * 

. Bolexion work In rooms, per foot, super- 
.ficial 

Dados in rooms, &c. per foot, superficial 

Each but in dado. 

Each mitre in dit. 

Dado on stairs, per foot, superficial 

Capping on> Dado equal to Tuscan order, per 
foot, run 

Dit. on dit. equal to Doric, per foot, run 

Base suitable to Tuscan or Doric cappings, per 
foot, run 

Cupping on dado, equal to the Ionic order, per 
foot, run 

Base suitable for such order, per foot, run 

Capping on dado, equal to the Corinthian ocder, 
per foot, run 

Base suitable for such order, per foot, run 



25 



3 
1 
I 

I 



50 
34 
75 



50 
25 
50 



9 
12 



10 
11 

15 



16 
6 
8 

10 
7 

9 
11 

11 

13 
12 

25 
20 



N. B. Mop boards and plinths are included in the bases of dados ; 
Mitres in capping, aqil bases, each the same as their respective price 
lier foot ran. 

The above prices of cspping and bases are estimated for dados two 
feet eight inches high, or under. If the dados are higher, add for 
such height one tenth part of their respective prices for every three 
inches. 



Finishing Windows^ Inside. 



Plain risers and returns for seats, per foot| 8U< 
perficial 



11 



1^ etf . 

Dit. dit. with panels and quarter round work» 
per foot» superficial 15 

Dit. dit. with ovolo dit. 16 

Dit. dit. with quirk ogee, sunk panel, and as- 
tragal neck, per foot, superficial 18 
Plain back boards and elbows, per foot, sup. 18 
Back boards and elbows, with quarter round 
work, and panels raised, per foot, sup. 30 
Dit. dit. ovolo dit. dit. 38 
Dit. quirk ogee, sunk panel, and astragal neck, 
per foot, superficial 35 
Plain soffita, per foot, superficial 8 
Quarter round dit. panels raised, per foot, su- 
perficial 22 
Ovolo dit. per foot, superficial 24 
Quirk rcEE, sunk panel, and astragal neck, per 
foot, superficial 35 
Circular soffita, if plain, per foot, superficial 22 
Dit. dit. quarter round work, panels raised, per 
foot superficial 60 
Dit. dit. ovolo dit. dit. 62 
Dit. dit. quirk ogee, and astragal neck, per foot, 
superficial 75 

■ 

N. B. The above prices of circular Boffitas ife estimated for open- 
ings about three feet^ snd soffitas one foot wide. 

Smaller 0|iening8, and narrower soffitas are worth more. 
Latter openings, and wider soffitas are worth less per foci. 

Back linings to windows, plain, per foot, super- 
ficial * 

Dit. dit. bend and but, per foot, stiperficial 

Dit. dit. with quarter round work, ovolo or quirk 
OGEE, the same prices respectively, as risers and 
returns. 

WIikIow seats of pine, per foot, superficial 

Dit. of mahogany dit. 

Doors of all Kinds. 

Eight pjinel door, quarter round work, one side, 
raised one side, per foot, supericial 

Dit. dii. two sides, raised one side, per foot, 
superficial 

Ei^ht panfl door, two sides, raised two sides, 
peV foor, superficial * 

Ei2;l)t panel door, ovolo moulding one side, 
raised one side, per foot, superficial 
• Dit. dit. two sides, raised one side, per foot, 
superficial • 

Dii. dit. two sides, per foot, superficial 

Eight panel door, quirk ogee, astragal neck one 
side, quarter round, and panel raised on the other, 
per foot, superficial 

Dit. dit. with quirk ogee, and astragal neck od 
both sides, per foot, superficial 

Six panel door, quarter round one side, raised 
one side, per foot, superficial 



14 



8 
20 



16 

17 

20 

16 

18 
21 

23 
34 
13 
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Dit. dit. two sides, raised one side, dit. 16 

Dit. dit. two sides, raised two sides, dit. 19 

Dit. dit. ovolo moulding one side, raised one 
side, per foot, super 6cial 14 

Dit. dit. two sides, raised one side, per foot, 
superficial 17 

Dit. dit. two sides, raised two sides, per foot, 
superficial 20 

Six panel door, quirk ogee, and astragal neck 
on one side, ovolo and raised panel on the other, 
per foot, superficial 21 

Dit. dit. with quirk ooee, and astragal neck 
on both sides, per foot, superficial 22 

Four panel door, quarter round one side, raised 
one side, per foot, superficial 10 

Dit. dit. two sides, raised one side, per foot, 
superficial 12 

Four panel door, two sides, raised two sides, 
per foot, superficial 14 

Four panel door, ovolo tnoulding one side, raised 
one side, per foot, superficial ] 1 

Dit. dit. two sides, raised one side, dit. 13 

Dit. dit. two sides, raised two sides, dit. 15 

Four panel door, quirk ogee, and astragal 
neck one side, raised one side, per foot, super- 
ficial 14 

Dit. dit. quirk ogee, and astragal both sides, 
per foot, su|)erficial 16 

Two panel door, quarter round pne sidci six 
feet high, and two feet wide, or under 1 25 

Two panel door, ovolo moulding on one side, 
raised one side, six feet high, and two feet wide, 
or under 1 33 

Two panel door, quirk ogee, and astragal neck 
on one side, six feet high, and two feet wide, or 
under, at per door 1 50 

Two panel door, quarter round one side, raised 
one side, from six feet high, two feet wide, and 
upwards, per foot, stiperficial 8 

Dit. dit. two sides, raised two sides, dit. dit. 
at per foot, superficial 10 

Dit. quirk ogee, and asfrngal neck one side, 
from six feet hli^h, two feet wide, and upwards, at 
per foot, superficial 9 

Dit. dit. quirk oger, and astragal neck on 
two sides, from six feet high, two feet wide, and 
upwarHs, at per foot, superficial 12 

Putting on iron and wooden stock locks, and 
closet locks, enrh 25 

Putting on mortise locks, each 75 

N. B. ff any of the aboYft dnon are worked with wide man- 
tin, with b«*«d in the centre, add two cents to their respective 
prices. 

The above prices include the hanging of doors, with h oi h l hin- 
ges ; if bung with bat hinges, add, per door, 25 cents. 

Putting on knoh latches, thumb latches, plate 
bolts, and plain bolts, each 

62 
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1 50 

2 

76 

35 

6 
5 
7 
4 

6 50 

7 50 
13 

18 



• efi. 
Putting on buttons, each 6 

Putting on hooks and staples, each 4 

Chimney Pieces^ Casings, tfc. 

Casing kitchen chimney with shelf and single 
corner, per shelf 

Stiles to stop plastering, per foot, run 

Plain chimney casings, each 

If one moulding, round dit. add 

Panel breast work to chimneys, per foot, super- 
ficial 

Large ovolo round dit. per foot, run 

Ovolo and ogee round dit. per foot, run 

Each mitre in tl)e above moulding 

A plain chimney piece, or equal to the Tuscan 
order 

Dit. equal to the Ionic order 

Dit. equal to the Corinthian or Doric order 

Dit. equal to the Composite order 

If any of the above chimney pieces have double 
pilasters or columns, add to their respective 
prices 2 

Putting on composition ornaments to be paid 
for by the day. 

Linings in Roams, and Closets, with their Movldings. 

Plain linings, boards grooved, per foot, sup. 
Nosing, capping, per foot, run 
Astragal dit. per foot, run 

Floors of all kinds. 

Floors laid with merchantable boards not planed 
to a thickness, at per square 

If rabbeted 

Dit. dit. planed to a thickness 

Floors laid with narrow boards of the best sort, 
per square 

Keyed or grooved floors, nails hid, at per 
square 



5 
3 



2 
2 26 

2 76 

3 60 



N. B. Wly-n floors are laid in places measuring less tbtn one 
hundred feet superficial, add to their respective prices one fourth. 



Mop Boards. 
Under moji boards for plastering, at per foot. 



run 



Planed mop boards, per foot, run 

Dit. uitli n moulding, p^r font, run 

Mop boards from 5 to 8 inches wide, per fool. 



2 

4 
6 



run 



ir wider, add in proportion. 
For mitres in mop boards one half the price, 
per foot, run, each 

Fences, Poits, Gates, fyc. 

Gate post framed with fill, yoke and braces, 
[lost planed, and capped with bed mouldy or 
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cornice, the opening from four feet to six feet, per 

pair 7 25 

Single post, planed and capped with single cor- 
nice, per post 2 37 

Gate post framed as above, tbe opening from 
six feet to twelve feet, capped as above 10 

Single post, cased plain, with a cornice equal to 
tl>e Tuscan order . 4 62 

Dit. dit. dit. dit. cornice equal to the Doric or 
Corinthian order 6 

Dit. dit. dit. equal to the Ionic order 5 25 

ir a sunk panel in front and architrave round, 
add to their respective prices 1 82 

If sunk panel on more than one side, add for 
each side 75 

If plain pilaster, mouldings broke over it, 
add 2 50 

ir fluted pilaster, and mouldings broke over it, 
add 3 

If either of the above posts have rusticated 
grounds, add to their respective prices 2 

Hewing and trimming posts, digging holes, and setting posts, io be 
paid for by the day. 



Panel gates, per foot, super6cial 

Panel gates, with pales in upper part, per foot, 
SuperGcial 

Dit. dit. and with wings, at per foot, sup. 

Single pale fence, moulding on rail and cant, 
'^r foot, run 

Single pale fence, plain cant and rail, per foot, 
run 

Single pale gates and piers to dit. per foot, 
run 

Do. without piers 

Double pale fence with moulding on rail and 
cant, per foot, run 

Double |)ale fence plain cant and rails, per foot, 

run 

Double pale gate with piers, per foot, run 

Without piers 

Any ornament in friezes of gate, paid for by the 

day. 

Plain plinths to fence under cant, per foot, su- 
•perficinl 

Rusticated plinths to fence under cants, per 
foot, superGcial 



16 

18 
25 

70 

55 

1 40 
1 05 

80 

60 
1 60 
1 20 



5 

7 
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Planed board fence, boards grooved, per foot, 

superficial 2 

If planed both sides, add 1 

Single cornice facia and plancere, per foot, ruQ 9 

Planed battens on fence, per foot, rno 2 

Double or Tuscan cornice on fence, per foot, 

run 16 

Rough fence, not shot or feather edged, at per 

square 75 

Rough fence, shot or feather edged, per square 1 
Dit. dit. shot and grooved, per square 1 25 

Dit. dit. boards an end, shot and pickets sawed, 

at per square 1 26 

Dit. dit. boards an end, shot and grooved, and 

pickets sawed, at per square 1 50 

If plank at bottom and rabbeted, add per foot, 

run 5 

Planed board fence, boards ao end, shot and 

pickets sawed, per square 2 

Plank at bottom superficial foot 7 

Planed board fence, boards an end, grooved, 

and pickets sawed, per square 2 25 

Plain picket open fence, per foot, run 25 

Dit. dit. if the pickets are worked, per foot, run 33 
Plain posts, capped plain for such fence, each 1 
Gates for picket fence measure double. 
Rough batten gates, at peir foot, superficial 4 

Planed batten gates, at per foot, superficial 6 

Planed gates witb battens laid on in front to 

form panels, per foot, superficial 1 1 

Blinds. 

Blinds for windows, for 24 squares or leas, of 
7 by 9, or 8 by 10 glass, in two parts, per win- 
dow 4 25 

If larger, per foot, superficial 20 

If circular heads to blinds, at per foot, super- 
ficial for the circle. 60 

Blinds ought to be estimated at 27 cents the 
superGcial foot. Hanging and fastening paid for 
by the day. 

Cants on Walls. 

Plank cant on battlement, per foot, run 12^ 

Timber cant and dit. at per foot, run 86 
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EULES SUPPI^EMENTARY 



50 
76 



Blinds, 

PiaiD Blainds with square slats at per foot 27 

Plain Blinds with middle rail and slats rounded 
per foot 30 

If astragal on one side, add one cent per foot ; 
if on two sides, add two cents per foot. 

Hanging blinds and putting in turn-buttons, per 
window 

If spring fastenings let into rail, 

Jnnde Blinds. 

Make plain with square slats, in two or more 
parts, the full length of the window, and from 
} inch to 1^ inch thick, per foot 

The same with middle rail and slats rounded, 
per foot. 

When each leaf is made in two parts, per foot 

If beads are flushed in at ends of slats, measure 
the bead and count the mitres, per foot 3 

If the foregoing blinds are less than 12 inches 
wide, to be measured lineal. 

The foregoing prices pay for fitting the blinds 
ready for hanging. 

Inside blinds hung with but hinges, for each 
bung 10 

If the above-mentioned blinds are made of mahogany, 
cherry, or birch wood, add to the aboye prices 100 pr. ct. 



48 

45 
60 



Doofy 4 panels, 6 ft. 8 by 2 ft. 8. 

Jambs, stops .aod spruce threshold 
Single architraves 
Band moulding 
Hanging with but hinges 
Case or closet lock 
Door 17 ft. 9 inches, sup. 



Door, 6 panels— 6 ft, 10 6y 2^. 10. 

Jambs 

Single architrave and plinths 
Band moulding 
Hanging but hinges 



67 
08 
50 
25 
25 
84 



$5 59 



76 

2 16 

53 

25 



Mprtise lock 

Door 19 ft. 4 inches, sup. 



Door 7 6y 3 feet. 

Framed door janibs 
Pilasters and plinths 
Roset or block corners 
Hanging projecting but 
Mortise lock 
Door 21 ft. sup. 



Finish of Windom, 11 by 17 glass, 12 lights. 

Frame, set in brick wall 
Parting beads and slips 
Staff or oval mouldings 
Putting in 4 pulleys 



Inside Finish. 

Shutters, 4 fold 4 panels, each 

Fitting into boxes , 

Fastening with hooks 

Hanging 

Setting Frame 

Backs and elbows 

Back linings 

Soffit 

Pilasters 

Stops 

Plinths 

Pine sash, and hanging 

Blinds, hanging and spring fastenings 



|29 10 

CT' The prices in the preceding rules are, of course, 
subject to such deductions as may be warranted by circum- 
stances, or as may be agreed upon by die contracting 
parties. 

N. B. The style of work and the moaldinfi in Arefaitectuie vary 
■o materially now, from what ther weve in 1800, that the pricee of 
mouldings and other work are fixed by the surreyofa, by analogy to 
each work, in the proportion to the atyle ao altered. 
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50 
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75 
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1 81 


16 


36 


25 


#2 58 


4 14 


33 


12 


50 


25 


3 50 


2 10 


1 00 


4 20 


75 


50 


2 43 


6 65 
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208 DIAMETER OF A CIRCLE. — CTLINDRICAL MEASURES. 

^91 easy method offijiding, arithmetically, the Diameter of a Circle, by having the chord and versed sine of the segment only. 

Example. Let A, B, C, be a segment given, whose chord A, B, is 36, and the versed sine 
C, D, 6 : half 36 is 18, which squared make 324, this divided by 6 the quotient is 54, then add 
6— the length of the versed sine^ and the amount 60 is the whole diameter of the circle C, E. 
thus : — 

18 half the chord, 
18 



144 

18 ' 



^324 the square of A. D. 

54 length between D. and £. 
Add, 6 the versed sine C, D. 




60 the diameter C, E. 
Ruk. Divide the square of half the length of the chord by the length of the versed sine, to this produf^t add the lengtk 
of the versed sine, and the amount will be the answer. 



TABLE OF CYLINDRICAL MEASURES, 



Designed for the compulation of the contents of Lead Pipes, from one inch diameter to three and upwards ; also Cis- 
terns of ten feet diameter and under. The quantity and weight of water in pumps, suction pipes, d&c. from one inch di- 
ameter and upwards. 



Inches 
Diamoter. 



Cubic feet 


Ale gallons 


Wine gal- 


Vl'ei^rht of 


anddooimal 


aod parts. 


lons and 


wator in Mm 


parts. 




parts. 


ami partM. 



Drj buKhels 
and parts. 



I 



a 

o 



s 



1 


,0055 


2 


,0218 


3 


,0491 


4 


,0873 


5 


,136 


6 


,196 


7 


,207 


8 


,349 


9 


,442 


10 


,545 


11 


,660 


12 


,785 


24 


3,14 


36 


7,07 


48 


12,57 


50 


13.64 


60 


19.64 


72 


?:8.28 


84 


38.49 


06 


50.27 


108 


63,62 


120 


78,54 



,033 
,134 
,301 
,534 
,835 
1,20 
1.64 
2.14 
2,71 
3.34 
4.04 
4,81 
19,25 
43.30 
77,00 
83.55 
120,30 
173,20 
235.81 
:?OS,00 
3S9,79 
481.25 



,04 

,16 

,37 

,6.5 

1,02 

1,47 

2,00 

2,61 

3.30 

4,08 

4,94 

5.88 

23.52 

52.92 

94,08 

102,00 

146.88 

211,51 

287,88 

376,01 

475.89 

5^7.52 



,;i4 

1.36 

3,06 

5.45 

8,52 

12.27 

16,70 

2.1 .8-2 

27,61 

34.09 • 

41.25 

49.09 

196,36 

441,79 

785,44 

852,21 

1227,19 

1767.15 

•24t)5,2^ 

3141. .59 

3976.08 

4900,74 



• ,0175 
,0394 
,0700 
,110 
,158 
,215 
,281 
,355 
,43S 
,530 
,631 
2,521 
5,(>8 

10.10 

11.00 

15,78 

22.72 

30,92 

40,39 

51.12 

63.1 1 



N. B. If the diameter should fall between any of the 
numbers in the first column, the mean proportional con- 
tents may be found by adding the two contents between 
which it falls, and dividing by two. Suppose it falls be- 
tween 108 and 120 of the diameters, required the wine 
gallons in 114 inches, or 9 feet 6 inches diawieter, 

which falls between ^ 587,52 

and 475,89 



2) 1063,41 



Answer, 531,70^ 
Or, if between 60 and 72, say 64 inches, or 5 feet 4 ; 
one-third of 12 is 4, then required the cubic feet and 
parts. 28.28 

Subtract 19,64 



Divide 3)8,64 
Add ' 19,64 



Any depth may be found by multiplying by the depth an; of the numbers in the contents; as, required the noml^er « 
ille gallons in 24 inches diameter at 6 feet deep, ' 19,25 

6 



Answer, 115,50 



